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PREFACE 


TO 

THE    SEVENTH  EDITION. 


Great  caee  has  been  taken  in  this  edition  to  incorporate, 
as  far  as  could  be  done  without  interfering  with  the  plan 
of  the  work  and  the  general  views  of  the  author,  the  most 
important  of  recent  geographical '  discoveries  and  con- 
clusions, and  to  eliminate  such  matter  as  had  been  rendered 
obsolete  by  the  lapse  of  time,  or  proved,  by  more  exact 
observation  and  scientific  research,  to  be  inaccurate  or  un- 
trustworthy. 

For  these  purposes  the  Editor  has  consulted,  among 
other  works  too  numerous  to  be  conveniently  specified  here, 
the  '  Journals,'  and  '  Transactions  '  of  the  Royal  Greogra- 
phical  Society  ;  '  The  Geographical  Magazine  ; '  the  '  Geo- 
graphisches  Jahrbuch,'  by  E.  Behm  ;  '  Die  Bevolkerung 
der  Erde,'  by  E.  Behm  and  H.  Wagner  ;  the  '  Almanach  de 
Goth  a  ;  '  '  Reports  of  Ofiicial  Surveys  and  Explorations  ;  ' 
and  books  of  recent  travels  and  geographical  investi- 
gations. 

Tliis  edition  contains  some  features  which  will  be  at 
once  recognised  as  new  by  all  readers  of  former  editions  ; 
e.rj.^  the  heads  of   subdivisions  of  chapters  have  beeii 
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marked  by  distinctive  type  ;  etymologies,  definitionB,  and 
explanations  of  numerous  scientific  terms  have  been  added 
in  foot  notes  ;  the  '  Table  of  Heights  above  the  Sea,'  which 
formed  the  appendix  to  previous  editions,  has  been  ren- 
dered unnecessary  by  the  addition  of  all  the  chief  heights 
to  the  text ;  and  last,  but  not  least,  the  Index  has  been 
thoroughly  revised  and  greatly  enlarged. 

Lonbon:  I^ebruary  IS77. 
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CHAPTER  I. 


GfEOlOGT. 


§  1.  Of  Physical  Creography.^ — Physical  Geography  is  a, 
descriptiou  of  the  earth,  the  s^a,  aud  the  air,  with  their  inhabi- 
tants animal  and  vegetable,  so  far  as  regards  the  distribution  of 
these  organised  beings,  and  the  causes  of  that  distribution. 
Political  and  arbitrary  divisions  are  disregarded,  the  sea  and  the 
land  are  considered  only  with  respect  to  those  great  features  that 
have  been  stamped  upon  them  by  the  hand  of  the  Almightj'',  and 
man  himself  is  viewed  but  as  a  fellow-inhabitant  of  the  fflobe 
with  other  created  things,  yet  influencing  them  to  a  certain 
extent  by  his  actions,  and  influenced  in  return.  The  effects  of 
his  intellectual  superiority  on  the  mferior  animals,  and  even  on 
his  own  condition,  by  the  subjection  of  some  of  the  most  powerful 
agents  in  nature  to  his  will,  together  with  the  other  causes  which 
have  influenced  his  physical  and  moral  state,  are  among  the  most 
important  subjects  of  this  science.  The  previous  states  of  our 
terrestrial  habitation,  the  successive  changes  which  have  gradually 
led  to  its  present  geographical  arrangement,  and  to  the  existing 
distribution  of  land  and  water,  so  powerfully  influential  on  the 
destinies  of  mankind,  are  circumstances  of  primary  importance. 

§  2.  Position  of  the  Earth  in  the  Solar  System. — The 
position  of  the  earth  with  regard  to  the  sun,  and  its  connexion  with 


1  In  Mr.  Coolcy's  work,  Physical  Gengmphij  is  described  as  'the 
department  of  science  wliich  embraces  the  course  of  physics  reigning  on 
the  earth's  surface,  over  land,  sea  and  air,  and  of  whicli,  as  it  depends  to 

some  extent  on  the  feature  of  that  surface,  geography  is  a  function.'  

Physical  Geography,'  preface,  p.  v. 
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tlie  bodies  of  the  solar  system/  have  "been  noticed  in  another 
■work  of  the  author's.'  It  has  been  there  shown  tliat  our  globe 
forms  but  an  atom  in  the  immensity  of  space,  utterly  invisible 
from  the  nearest  fixed  star,'  and  scarcely  a  telescopic  object  to 
the  remoter  planets'^  of  our  system.  The  increase  of  temperature,* 
with  the  depth  below  the  surface  of  the  earth,  and  the  tremendous 
desolation  hurled  over  wide  regions  by  numerous  fire-breathing 
momitains,  show  that  man  is  removed  but  a  few  miles  from 
immense  lakes  or  seas  of  liquid  fire."  The  veiy  shell  on  which 
he  stands  is  unstable  under  his  feet,  not  only  from  those  temporary 
convulsions  that  seem  to  shake  the  globe  to  its  centre,  but  from 
a  slow,  almost  imperceptible,  elevation  in  some  places,  and  an 
equally  gentlfe  subsidence  in  others,  as  if  the  internal  molten 
matter  were  subject  to  secular  tides,  now  hea^^ng  and  now 
ebbing,  or  that  the  subjacent  rocks  were  in  one  place  expanded 
and  in  another  contracted  by  changes  of  temperature. 

The  earthquake  and  the  torrent  have  torn  the  solid  eai-th  and 
opened  the  seals  of  the  most  ancient  records  of  creation,  written 
in  indelible  characters  on  the  '  perpetual  hills  and  the  everlasting 
mountains.'  There  we  read  of  the  changes  that  have  brought  the 
rude  mass  to  its  present  fair  state,  and  of  the  myriads  of  organic 
species  that  have  appeared  on  this  mortal  stage,  have  fidfilled  their 
destinies,  and  have  successively  disappeared  to  make  way  for  new 
races,  which,  in  their  turn,  have  vanished  from  the  scene,  till  the 
creation  of  man  completed  the  glorious  work.  Who  shall  define 
the  periods  of  those  mornings  and  evenings  when  God  saw  that 
His  work  was  good  ?  and  who  shall  declare  the  time  allotted  for 
the  human  race,  when  the  generations  of  the  most  msignificant 


1  The  Solar  Si/.item  (from  Lat.  snl=' the  sun')  is  that  assemblage  of 
celestial  bodies  which  consists  of  the  sini  and  his  attendant  planets,  including 
comets  and  meteoric  bodies.  c  %  • 

The  order  of  distance  from  the  sun  of  the  eight  great  planets  of  this 
system  is  as  follows :— 1.  Mercury.  2.  Venus.  3.  Earth.  4.  Mars.  o. 
Jupiter.    G.  Saturn.    7.  Uranus.    8.  Neptune. 

3  Somerville's  '  Connexion  of  the  Physical  Sciences.' 

3  The  nearest  fixed  star  is  said  to  be  more  than  19,000,000,000,000  miles 
distant  from  the  earth. 

4  Uranus  (1,752,851,000  miles)  and  Neptune  (2,750,000,000  miles)  are 

the  most  remote  planets. 

5  This  increase  is  estimated  to  be  at  the  rate  of  1°  lahrenheit  for  every 
54  feet  or  thereabouts,  from  the  earth's  surface.  But  as  observation  on  this 
noint  has  noAvhere  been  extended  to  the  depth  of  one  mile  from  the  surface, 
all  that  can  be  safely  expressed  about  it  is  that  throughout  such  depths  as 
have  been  penetrated  the  temperature  increases  with  the  descent. 

e  This  doctrine  of  a  thin  crust  and  a  molten  interior  is  now  meeting  witb 
considerable  opposition.    (See  Green's  '  Geology  for  Students,'  cap.  xi.) 
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insect  existed  for  iiunumLered  ages  ?  Yet  man  also  is  to  vanisli 
in  the  ever-changing  course  of  events.  These  stupendous  changes 
may  he  hut  cycles  in  those  great  laws  of  the  universe  where 
all  is  variable  hut  the  laws  themselves,  and  Him  who  ordained 
them. 

§  8.  Tbe  Sartb's  distance  from  the  Sun  :  and  the  Civil 

Year. — The  earth  is  one  of  169  planets  which  revolve  ahout  the 
sun  ia  elliptical  orbits :  of  these  161  have  been  discovered  since 
the  year  1781.  Mercury  and  Venus  are  nearer  the  sim  than  the 
earth,  the  others  are  more  remote  :  161  are  of  small  dimensions, 
revolve  between  the  orbits  of  Mars  and  Jupiter,  and  are  called 
Asteroids.  The  earth  revolves  at  a  mean  distance  of  91,600,000 
m.  from  the  sim's  centre,  in  a  civil  year  of  365  days  6  hours 
9  minutes  and  9'6  seconds,  at  the  same  time  that  it  rotates  in 
23  hours  66  minutes  and  4  seconds,  about  an  axis  which  always 
remams  parallel  to  itself,  and  inclined  at  an  angle  of  2-3°  27'  28''-75 
'  to  the  plane  of  the  echptic ;  ^  consequently  the  days  and  nights 
are  of  equal  length  at  the  equator,  from  whence  they  progressively 
differ  as  the  latitude  increases,  till  at  each  pole  alternately  there 
is  perpetual  day  for  six  months,  and  a  night  of  the  same  duration  ; 
thus  the  light  and  heat  are  very  imequally  distributed,  and  both 
are  modified  by  the  atmosphere  which  surroimds  the  earth. 

With  regard  to  maynitude,  Mars,  Jupiter,  Saturn,  Uranus,  and 
Neptime,  are  larger  than  the  earth;  Mercury  and  Venus  are 
smaller :  but  even  the  largest  is  incomparably  inferior  to  the  sim  in 
size  :  his  mass  is  354,936  times  greater  than  that  of  the  earth,  but 
the  earth  is  nearly  four  times  as  dense. 

§  4.  The  ZVXoon's  distance  :  Earth's  figrure  and  density 
as  indicated  by  the  moon's  motion. — Though  the  Planets 
disturb  the  earth  in  its  motion,  their /o?-j«  has  no  effect  on  account 
of  their  great  distance ;  but  it  is  otherwise  with  regard  to  the, 
Moon,  which  revolves  about  the  earth  at  a  mean  distance  of 
238,793  m.,  and  is  therefore  so  near  that  the  form  of  both 
bodies  causes  mutual  disturbances  in  their  respective  motions. 
The  perturbations  in  the  moon's  motions  from  that  cause,  compared 


The  Ecliptic  (from  eK\ei7rTiVo's  =  ' belonging  to  an  eclipse ')  is  a  great 
circle  of  the  sphere  which  the  sun  appears  to  describe  in  a  year,  but  which 
is  really  described  by  the  earth  in  that  time. 

Obs.  1.  The  ecliptic  is  so  called  from  the  fact  that  eclipses  of  the  sun  or 
moon  can  only  occur  when  the  latter  is  on  or  very  near  this  circle. 
_    Ohs.  2.  When  the  ecliptic  is  spoken  of  in  connexion  with  geography,  it 
!>oo  fJ^^  ''^'■"'^^'^'^1  globe  which  cuts  the  equator  at  an  angle  of 

2o  28  in  two  diametrically  opposite  points  that  is  meant.  It  represents 
the  successive  parallels  at  which  the  sun  is  vertical  during  the  earth's 
annual  revolution. 

ij2 
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^vitll  the  same  computed  from  theory,  show  that  the  earth  is  not 
a  perfect  sphere,  but  that  it  bulges  at  the  equator,  and  is  flattened 
at  the  poles :  they  even  give  a  value  of  this  compression  ^  or  flatten- 
ing.   Again,  theory  shows  that,  if  the  earth  were  throughout  of 
the  same  density,  it  would  be  much  less  compressed  at  the  poles 
than  the  moon's  motions  show  it  to  be,  but  that  it  would  be  very 
nearly  the  same  were  the  earth  to  increase  regularly  in  density  from 
the  surface  to  its  centre ;  and  thus  the  lunar  motions  not  only 
make  known  the  form,  but  reveal  some  important  facts  as  to  the 
internal  structure  of  our  globe.    Actual  measurement  has  proved 
the  truth  of  these  results.    The  courses  of  the  great  rivers,  which 
are  generally  navigable  to  a  considerable  extent,  show  that  the  curva- 
ture of  the  iand  differs  but  little  from  that  of  the  ocean  ;  and,  as  the 
hei"-hts  of  the  mountains  and  continents  are  inconsiderable  when 
compared  with  the  magnitude  of  the  earth,  its  figm-e  is  understood 
to  be  determined  by  a  surface  at  every  point  perpendicular  to  the 
direction  of  gravitation,  and  is  the  same  which  the  sea  would 
have  if  it  were  contmued  all  round  the  earth  beneath  the  con- 
tinents.   Such  is  the  figure  that  has  been  measiu-ed  in  various  parts 
of  the  globe. 

^  5.  rigure  of  the  Earth  from  the  measure  of  Arcs  of 
the"'l«eridian.— ^  terrestrial  meridian  is  a  hue  passing  through 
both  poles  all  the  points  on  which  have  their  noon  contem- 
poraneously. The  lines  perpendicular  to  it  are  the  jmrdlels'^ 
of  latitude.  Now,  if  the  earth  were  a  perfect  sphere,  aU  degrees 
of  latitude  would  be  of  the  same  length ;  but,  as  it  is  flattened  at 
the  poles,  the  degrees  are  longest  there,  and  decrease  m  length  to 
the  equator.  The  form  and  size  of  the  earth  may  therefore  be 
determined  bv  comparing  the  lengths  of  degrees  of  the  meridian  m 
difierent  latitudes.^  Twelve  arcs  have  been  measured  m  Europe, 
one  in  North  America,  one  in  the  Andes  of  equatorial  America,  two 

1  The  compression  of  the  eartli  is  the  flattening  at  the  poles.  Its  nu- 
merical value  is  equal  to  the  difference  between  the  equatorial  and  polar 
diameters,  expressed  in  feet  or  miles. 

The  Equatorial  Diameter  is  7925-6  miles. 
„    Polar  Diameter        „  7899-2  „ 

'    Polar  Compression    „     26-4    „    or  ^  of  the  2>«a,«e  r 

2  The  Para//e/s  (from  ^ap<i  =  ' beside,'  anddAA^Ao..^  'of  one  another  ) 
^rp  small  circles  dra^m  parallel  to  the  equator. 

3  S  theoretical  investigation  of  the  figure  of  the  earth  the  method 
employ  d  for  measuring  arcs  the  meridian,  and  that  of  deducing  the  form 
r  he  earth  from  the  oscillations  of  the  pendulum  are  given  in  the  6th 
section  of  the '  Connexion  of  the  Physical  Sciences,'  by  Mary  SomerviUe. 
8th  edition  ^^^  ^  j^^.^^^^^  jj 
PrussTarone  in  Denmark,  two  in  Kussia,  two  in  Sweden,  and  one  at  Kome. 
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in  Britisli  India,  and  two  at  the  Cape  of  Good  Hope  ;  but  a  com- 
parison of  no  two  gives  identical  results,  wliicli  shows  that  the 
earth  has  a  slightly  irregular  form.  From  a  mean  of  10  of  these 
arcs  M.  Bessel  deduced  that  the  equatorial  radius  of  the  earth  is 
a963-025  m.  and  the  polar  radius  3949-8  m.  Whence,  assuming  the 
earth  to  be  a  sphere,  the  length  of  a  mean  degree  of  the  meridian 
is  69-05  British  statute  m.,  therefore  360  degrees,  or  the  whole 
circmuference  of  the  globe,  is  24,858  m. ;  the  diameter,  which  is 
something  less  than  a  third  of  the  circumference,  is  about  8286 
statute  m. ;  and  the  length  of  a  geographical  mile  of  60  to  a 
degree  is  6086-76  ft.  The  breadth  of  the  torrid  zone  is  3242 
m.,  the  breadth  of  each  of  the  temperate  zones  is  3290  m., 
and  that  of  each  of  the  spaces  within  the  arctic  and  antarctic 
circles  1313  m.  nearl3^  The  results  obtained  by  Mr.  Airy,  the 
Astronomer  Eoyal,  10  years  afterwards,  only  differ  from  those 
of  M.  Bessel  by  117  ft.  in  the  equatorial,  and  148  ft.  in  the 
polar  radius.  In  consequence  of  the  roimd  form  of  the  earth, 
the  dip  or  depression  of  the  horizon  is  in  round  numbers  6  ft, 
for  every  3  m.  of  distance ;  that  is  to  sa}^,  an  object  6  ft.  high 
would  be  hid  by  the  curvature  of  the  earth  at  the  distance  of  3  m. 
Since  the  dip  increases  as  the  square,  a  hill  600  ft.  hig-h  would 
be  hid  at  the  distance  of  10  m.,  and  the  top  of  Moimt  Everest  ^ 
(29,002  ft.),  the  most  elevated  point  of  the  Himalaya  hitherto 
measured,  would  be  seen  to  sink  beneath  the  horizon  by  a  person 
about  109  m.  off:  thus,  when  the  height  is  known,  an  estimate 
can  be  formed  of  the  distance  of  a  mountain  by  observing  its 
angular  distance  above  the  sea-horizon. 

§  6.  Fig:ure  of  tlie  Zlarth  as  indicated  by  Oscillations  of 
tbe  Pendulum. — The  oscillations  of  the  pendulum  have  afforded 
another  method  of  ascertaining  the  form  of  the  earth.  Like  all 
heavy  bodies,  the  descent  and  oscillations  of  the  pendulum  are 
accelerated  in  proportion  to  the  force  of  gravitation,  which 
increases  from  the  equator  to  the  poles.  In  order,  therefore,  that 
the  oscillations  may  be  everywhere  performed  in  the  same  time, 
the  length  of  the  pendulum  must  be  increased  progressively  in 
going  from  the  equator  to  the  poles,  according  to  a  known  law  ^ 


1  So  called  after  Colonel  Everest  by  Colonel  "Wangh,  who  first  deter- 
mined ita  altitude.  The  Hindus  call  it  Gaurisankar  ;  the  Tibetans  and 
Nepalcse,  Chingnjmmari. 

~  A  pendulum  which  oscillates  86,400  times  in  a  moan  day  at  the  equa- 
tor, will  do  tha  same  at  every  point  of  the  earth's  surface  if  its  length  be 
increased  progressively  to  the  pole  as  the  square  of  the  sine  of  the  latitude. 
The  sine  of  the  latitude  is  a  perpendicular  line  drawn  from  any  point  of  ti 
terrestrial  meridian  to  the  equatorial  radius  of  the  earth.  That  line  ex- 
pressed in  feet  or  miles,  and  multiplied  by  itself,  is  the  square  of  the  sine 
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from  wlience  the  compression  or  flattening  at  the  poles  may  he 
deduced.  Experiments  for  that  purpose  have  been  made  in  many- 
places  ;  hut,  as  in  the  measurement  of  the  meridian  arcs,  no  two 
sets  give  exactly  the  same  results.  The  viean  of  the  whole,  how- 
ever, differs  very  little  from  that  given  by  the  measurement  of 
degrees  of  the  meridian  and  the  perturbations  of  the  moon ;  and, 
as  the  three  methods  are  so  entirely  independent  of  each  other, 
ihejigure  and  dimensions  of  the  earth  ma}^  be  considered  to  be 
known  with  great  accuracy.  The  sea  has  httle  efi:*ect  on  these 
experiments,  both  because  its  densitj''  is  less  than  that  of  the  earth, 
and  that  its  mean  depth  of  nearly  4  m.  is  inconsiderable  when 
compared  with  3956  m.  the  mean  terrestrial  radius.^ 

The  discrepancies  in  the  results  fi-om  the  comparison  of  the 
different  sets  of  pendulum  experiments,  and  also  of  measured 
degrees  of  the  meridian,  can  only  arise  from  local  attraction,  and 
from  irreguUmties  in  the  form  of  the  earth's  surface.  These 
attractions,  produced  by  dense  masses  of  rock  or  mountains,  cause 
the  plumb  line  to  deviate  from  the  vertical,  and  when  under  ground 
they  alter  the  oscillations  of  the  pendulum.  General  Sabine,  who 
made  experiments  with  the  pendulum  from  the  equator  to  within 
10  degrees  of  the  N.  pole,  discovered  that  the  intensity  is  aug- 
mented by  volcanic  islands.  A  variation  to  the  amoimt  of  one- 
tenth  of  a  second  in  24  hours  can  be  perfectly  ascertained  in  the 
rate  of  the  pendulum ;  but  from  some  of  these  local  attractions 
a  variation  of  nearly  10  seconds  has  occurred  dm-ing  the  same 
period.  The  islands  of  St.  Helena,  Ascension,  St.  Thomas,  and 
Mauritius,  are  some  of  those  noted  by  General  Sabine. 

There  are  other  remarlvable  instances  of  local  disturbance,  aris- 
ing from  the  geological  nature  of  the  soil ;  for  example,  the  intensity 
of  gravitation  is  smaller  at  Bordeaux,  from  whence  it  increases 
rapidly  to  Clermont-Ferrand,  Milan  and  Padua,  where  it  attains 
a  maximum  (owing  probably  to  dense  masses  of  rock  under 
ground),  and  from  thence  it  extends  to  Parma.  In  consequence 
of  this  local  attraction,  the  degrees  of  the  meridian  in  that  part  of 
Italy  seem  to  increase  in  length  towards  the  equator  through  a 
small  space,  instead  of  decreasing,  as  if  the  earth  were  drawn  out 
instead  of  flattened  at  the  poles. 

It  appears  from  this,  that  the  effect  of  the  whole  mass  of  the 
globe  on  a  pendidimi  or  torsion  balance  ^  may  be  compared  with  the 

of  the  latitude.  Gravitation  increases  from  the  equator  to  the  poles  ac- 
cording to  that  law,  and  the  length  of  the  degrees  augments  very  nearly  in 
the  same  ratio. 

1  The  inequalities  in  the  motions  of  the  moon  and  earth  are  explained  m 
Sections  5  and  11  of  the  '  Connexion  of  tlie  Physical  Sciences.' 

2  The  Torsion  (Lat.  torllo,  from  torqueo  =  'l  twist')  Balance  is  a 
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effect  of  a  small  part  of  it,  aud  thus  a  comparison  may  instituted 
iDetween  the  mass  of  the  earth  aud  the  mass  of  that  part  of  it.  Now 
a  leaden  hall  was  weighed  against  the  earth  by  comparing  the 
effects  of  each  upon  a  balance  of  torsion ;  the  nearness  of  the 
smaller  mass  making  it  produce  a  sensible  eti'ect  as  compared  with 
that  of  the  larger,  for  by  the  laws  of  attraction  the  whole  earth 
must  be  considered  as  collected  in  its  centre.  In  this  manner  a 
yalue  of  the  mass  of  the  earth  was  obtained ;  and,  as  its  volume 
was  known,  its  mean  density  was  found  to  be  5'6  times  greater 
than  that  of  water  at  the  temperature  of  62°  Fahr.  Now,  as  that 
mean  density  is  double  that  of  basalt,  and  more  than  double  that 
of  granite  rocks  which  imdoubtedly  have  emanated  from  very 
great  depths  beneath  the  surface,  it  affords  another  proof  of  the 
increase  in  density  towards  the  earth's  centre.  These  experiments 
were  first  made  by  Cavendish  and  Michell,  and  afterwards  with 
additional  precautions  by  BaUy,  who  devoted  four  years  of  unre- 
mitted attention  to  the  accomplishment  of  this  important  and  diffi- 
cult research.* 

§  7.  Outline  of  Geology. — Although  the  earth  increases  in 
density  from  the  surface — where  its  mean  sjoccific  density  is  6'6 — 
to  the  centre,  where  it  is  probably  about  11,  as  might  naturally 
be  expected  from  the  increasing  pressure,  yet  the  surface  consists 
of  a  great  variety  of  substances  of  different  densities,  some  of  which 
occur  in  amoiyhous   masses  ;  while  others  are  disposed  in  regular 


machine  which  was  invented  by  M.  Coulomb  for  measuring  the  intensities  of 
electric,  or  magnetic  forces,  by  establishing  an  equilibrium  between  them 
and  the  force  of  torsion.  Cavendish  made  an  interesting  application  of  the 
torsion  balance  when  he  used  it  to  measure  the  force  of  attraction  of  two 
leaden  spheres  in  his  famous  experiment  to  deteraiine  the  mean  density  of 
the  earth. 

1  Mr.  Airy  made  a  series  of  experiments  to  ascertain  the  mean  density 
of  the  earth  by  comparing  the  simultaneous  oscillations  of  two  pendulums, 
one  at  the  bottom  of  the  Harton  Coal  Mine  in  Northumberland,  1,260  ft. 
deep,  and  the  other  on  the  surface  of  the  earth  perpendicularlj-  above  it. 
The  oscillations  were  compared  with  an  astronomical  clock  at  each  station, 
and  the  time  was  instantaneously  transmitted  from  one  to  the  other  by  a 
telegraphic  wire.  The  oscillations  were  observed  for  more  than  100  hours 
consecutively,  when  it  was  found  that  the  lower  pendulum  made  two  oscil- 
lations more  in  24  hours  than  the  upper  one.  The  places  of  the  pendulums 
were  then  reversed  and  tlie  experiment  repeated  for  the  same  length  of 
time  with  the  same  result.  The  ditlerence  in  the  number  of  oscillations  at 
the  two  stations  showed  that  gravitation  at  the  bottom  of  the  mine  ex- 
ceeded that  at  the  surface  by  the  raUis  part,  and  that  the  mean  density  of 
the  earth  deduced  therefrom  was  G-5G5. 

2  Rocks  which  are  not  crystallised  in  definite  form  are  called  Amorphous 
Mocks, 
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laj'ers  or  strata,  either  liorizontal  or  inclined  at  all  angles  to  the 
horizon.  By  mining,  man  has  penetrated  only  a  ver}'^  little  way ;  hut 
"by  reasoning  from  the  dip/  and  from  other  circmustances,  he  has 
obtained  a  fairly  accurate  idea  of  the  structure  of  our  globe  to  the 
depth  of  about  10  m.  All  the  substances  of  Avhich  we  have  any  infor- 
mation are  divided  into  four  classes,  distinguished  by  the  manner 
in  which  they  have  been  formed:  namely  PZwiftwnc,  and  Volcanic, 
rocks,  both  of  igneous  origin,  though  produced  imder  different  cir- 
cumstances ;  Aqueous  or  Stratified  rocks,  entirely  due  to  the  action 
of  water,  as  the  name  implies  ;  and  Metamorphic  rocJcs,"  originally 
deposited  by  water,  and  consequently-  stratified,  but  subsequently 
altered  from  their  original  state  and  crystallised.  The  aqueous 
and  volcanic  rocks  are  formed  at  or  near  the  surface  of  the  eailh, 
the  plutonic  and  metamorphic  at  greater  depths  ;  but  all  of  them 
have  originated  simultaneously  during  every  geological  period. 
The  antagonistic  principles  of  tire  and  water  have  ever  been  and 
still  are  the  cause  of  the  perpetual  vicissitudes  to  wbich  the  crust 
of  the  earth  is  liable. 

Opinion  with  regard  to  the  formation  of  the  igneous  crystalline 
rocks  by  the  cooling  of  fused  matter  under  immense  pressm-e  has 
been  greatly  modified,  chiefly  by  the  experiments  of  the  con- 
tinental chemists,  who  have  cQiue  to  the  conclusion  that  water 
combined  with  intense  heat  and  pressure  must  have  had  an  impor- 
tant share  in  these  operations  from  tbe  most  remote  geological 
periods.  It  has  long  been  known  that  substances  combine  chemi- 
cally with  certain  portions  of  water  while  crystallising,  and  that 
tbe  same  substance  crystallising  at  different  temperatures  com- 
bines with  different  quantities  of  water,  and  assumes  a  correspond- 
ing variety  of  forms.  Now  granite  and  such  of  the  metamorphic 
rocks  as  owe  their  structure  to  heat  and  great  pressure  are  highly 
crystalline,  and  by  numerous  synthetic  experiments  it  has  been 
clearly  proved  tliat  water  has  been  as  necessary  to  their  formation 
as  heat  and  pressure.  The  earthquake,  the  elevation  and  disruption 
of  the  terrestrial  strata,  and  the  torrents  of  lava  that  flow  from 
numerous  volcanoes,  are  sufficient  proofs  that  abundance  of  water 
in  the  state  of  steam  at  a  high  pressure  exists  in  the  interior  of  the 
earth. 

It  has  been  inferred  that  the  plutonic  rock-s  (Granite,  Syenite, 
&c.)  were  formed  at  great  depths  in  the  earth,  and  have  cooled  and 
slowly  crystallised  under  intense  pressure,  and  where  the  con- 


1  Tlie  inclination  of  beds  downwards  into  the  earth  is  called  their  dip. 
^Metamorphic  (Or.  M^ra  =' change ' ;  and  ^op^-Tj  =  '  form ')  Strata  = 
altered  strata. 
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tained  gases  coiild  not  expand,  were  then  heaved  up  in  iinstratified 
masses,  by  the  ehistic  force  of  the  internal  heat,  even  to  the  tops 
of  the  highest  mountains,  or  forced  in  a  semi-fluid  state  into 
fissures  of  the  superiucunihent  strata,  sometimes  into  the  cracks  of 
the  previously  formed  granite  ;  ^  for  that  rock,  v?hich  constitutes 
the  hase  of  so  large  a  portion  of  the  earth's  crust,  has  not  been  all 
formed  at  once ;  some  portions  had  been  solid,  while  others  wer& 
yet  in  a  liquid  state.  This  class  of  rocks  is  completely  destitute  of 
fossil*  organic  remains. 

\lthou"h  o-ranite  and  volcanic  rocks  are  both  due  to  the  action 
of  fire,  then-  nature  and  position  are  very  different ;  granite,  fused 
in  the  interior  of  the  earth,  has  been  probably  cooled  to  a  certain 
extent  before  coming  to  the  surface :  besides,  it  consists  of  few  in- 
gredients (chiefly  felspar,  quartz,  and  mica),  so  that  it  has  nearly 
the  same  mineralorical  character  in  all  countries.  But  as  the 
volcanic  fire  rises  to  the  very  surface  of  the  earth,  fusing  whatever 
it  meets  with,  volcanic  rocks  assume  A'arious  forms,  not  only  from 
the  varied  kinds  of  strata  which  are  melted,  but  fi'om  the  different 
conditions  under  which  the  liquid  matter  has  been  cooled,  and  the 
different  proportions  of  water  with  which  it  combines — circum- 
stances that  seem  to  have  had  the  greatest  effect  on  its  appear- 
ance and  structm'e.  Sometimes  it  assumes  a  crystalline  granitic 
structure,  at  others  it  becomes  vitreous,  or  like  glass ;  in  short 
all  those  massive,  unstratified,  and  occasionally  colmnnar  rocks, 
as  basalt,  greenstone,  certain  porphyries,  and  perhaps  serpentine, 
are  due  to  volcanic  action,  and  are  consequently  devoid  of  organic 
remains. 

There  seems  scarcely  to  have  been  any  age  of  the  world  in 
which  volcanic  eruptions  have  not  taken  place  in  some  part  of  the 
globe.  Lava  has  pierced  through  every  description  of  rocks, 
spread  over  the  sm'face  of  those  'existing  at  the  time,  fiUed  their 
crevices,  and  flowed  between  their  strata.  Ever  changing  its  place 
of  action,  it  has  bm'st  out  at  the  bottom  of  the  sea  as  well  as  on 
dry  land.  Enormous  quantities  of  scoriie  and  ashes  have  been 
ejected  from  numberless  craters,^  and  have  formed  extensive 
deposits  in  the  sea,  in  lakes,  and  on  the  dry  land,  m  which 


1  Elevations  of  the  earth's  surface,  and  the  displacement  of  rocks,  are 
ascribed  by  otiiers  to  the  earth's  contraction.  (See  Green's  '  Geology  for 
Students,'  cap.  xi.) 

-  Fossil  (Lat.  fossilis,  from /o('iio  =  ' I  dig ')  is,  literally,  anything  duff 
out  of  the  earth.  It  is  a  term  which  is  now  almost  exclusively  applied  to 
organic  remains. 

3  Crater,  the  cup-shaped  orilicc  of  volcanoes  ;  craters  may  be  central  or 
lateral  in  the  mountain  in  which  they  occur. 
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are  embedded  tlie  remains  of  the  animals  and  vegetables  of  the 
epoch. 

There  can.  he  no  doiiht  that  metamorphic  rocks,  such  as  gneiss, 
mica-schist,  claj^-slate,  quartz  roclc,  statuary  marble,  dolomites,^ 
&c.,  were  formed  of  the  sediment  of  water  in  regular  layers,  differ- 
ing in  kuid  and  colour,  and  that  they  have  acquired  a  crystallme 
etructure,  but  that  the  change  has  been  invariably  effected  in  con- 
sequence of  their  proximity  to  deep-seated  fused  matter.  The 
term  metamorphic  is  applied  now  to  any  sedimentary  rock  that  is 
altered  from  its  original  state  to  a  hard  or  crystalline  structure, 
without  reference  to  any  theory  by  the  agency  of  which  the  change 
was  produced,  however  diversified  the  nature  of  the  rocL:  may  be. 
In  fact  Chemical  Geology,  a  modern  branch  of  science,  has  proved 
that  the  term  metamorphic,  taken  in  its  widest  sense,  might  be  ap- 
plied to  every  altered  rock,  be  its  age  or  nature  what  it  may.  It  is 
possible  that  highly  crystallised  strata  which  extend  over  thousands 
of  square  miles  may  have  occasionally  acquired  their  crystalline 
character  from  transmitted  heat  combined  with  steam  and  chemical 
action  under  enormous  pressure.^  IMr.  Darwin  estimated,  from  the 
number  of  volcanoes  in  simultaneous  eruption  in  the  Chilian  Andes 
in  the  year  1835,  that  a  subterraneous  lake  of  liquid  lava  twice  as 
large  as  the  Black  Sea  was  in  all  probability  formed  under  the 
southern  extremity  of  the  American  continent,^  and  the  internal 
fire  was  certainly  not  less  energetic  in  the  early  geological  eras. 
An  earthy  stratum  has  sometimes  been  changed  into  a  highly 
ciystaUised  rock,  to  a  considerable  distance  from  the  point  of  con- 
tact, by  heat  thus  transmitted  ;  and  there  are  instances  of  dark- 
colom-ed  limestone,  full  of  fossil  shells,  that  has  been  changed 
into  statuary  marble  from  the  same  cause.  Such  alterations  may 
frequently  be  seen  to  a  small  extgnt  on  rocks  adjacent  to  a  stream 
of  lava. 

Notwithstanding  these  instances,  it  would  be  a  great  error  to 
suppose  that  metamorphism  is  always  connected  with  internal 
heat,  even  in  formations  of  great  extent ;  for  it  frequently  happens 
that  crystalline  strata  alternate  with  others  of  vast  thickness 


1  Dolomite  is  the  name  applied  to  a  calcite  consisting  of  an  equal  number 
of  molecules  of  carbonates  of  limestone  and  magnesia.  It  takes  its  name 
from  Dolomieu,  the  French  geologist  and  mineralogist. 

3  The  whole  question  of  metamorphism  in  rocks  has  been  admirably 
treated  in  a  prize  essay  presented  to  the  Institute  of  France  by  M.  Daubre'e 
(^Etudes  sur  le  Metamorpliisme  des  Roches  Crystallines,  Paris,  1859),  in 
which- its  author  has  rendered  every  justice  to  the  lirst  propagator  of  the 
theory,  our  countryman  James  Hutton. 

5  See  '  Naturalist's  Voyage  round  the  World,'  p.  311. 
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through  \srhich  the  heat  could  not  have  been  transmitted.  The 
physical  forces  are  really  metamorphic,  and  have  an  important 
share  in  those  changes  which  the  formations  of  all  ages  seem  to 
imdergo  ;  the  whole  phenomena  of  metamorphism  are  extremely 
complicated,  hut  sjnithetic  chemistry  is  daily  l^hrowing  light  upon 
this  difficult  subject.^ 

There  is  seldom  a  trace  of  organic  remains  in  the  crystalline 
stratified  rocks  ;  their  strata  are  sometimes  horizontal,  hut  they 
are  usually  tilted  at  all  angles  to  the  horizon,  and  form  some  of 
the  highest  moimtains  and  most  extensive  table-lands  on  the  face 
of  the  globe. 

Aqueous  roclcs  are  all  stratified,  being  sedimentary  deposits 
from  water.  They  originate  in  the  wear  of  the  land  by  rain, 
streams,  or  the  waves  of  the  ocean.  The  debris  carried  by  run- 
ning water  are  deposited  at  the  bottom  of  the  seas  and  lakes, 
where  they  are  consolidated,  and  then  raised  up  by  subterranean 
forces,  again  to  undergo  the  same  process  of  destruction  after  a 
lapse  of  time.  By  the  wasting  away  of  the  land  the  lower  rocks 
are  laid  bare ;  and,  as  the  materials  are  deposited  in  different 
places  according  to  their  weight,  the  strata  are  exceedingly 
varied,  but  consist  chiefly  of  arenaceous  or  sandstone  rocks,  com- 
posed of  sand,  clay  and  carbonate  of  lime.  They  constitute 
three  great  geological  divisions,  which,  in  an  ascending  order,  are 
the  primary  and  secondary  fossihferous  strata  and  the  tertiary  for- 
mations. 

The  Pnmary  fossiliferovs,  or  Palcsozoio  strata,  the  most  an- 
cient of  all  the  sedimentary  rocks,  consisting  of  limestones,  sand- 
stones and  shales,  are  entirely  of  marine  origin,  having  been 
formed  far  from  land  at  the  bottom  of  an  ocean ;  consequently 
they  contain  the  remains  of  marine  animals  only,  and  after  the 
lapse  of  unnumbered  ages  even  the  ripple-marks  of  the  waves  are 
often  distinctly  visible  on  the  surface  of  some  of  their  strata. 
The  PalfEozoic^  rocks  are  divided  into  Lower  Palseozoic  and 
Upper  Palaeozoic  ;  these  again  are  subdivided  into  the  Laurentian, 
Cambrian. 3  and  >Silurian ;    Devonian  and  old  Eed  Sandstone, 


1  See  Bisdiof  s  '  Chemical  Geology '  on  the  subject  of  Metamorphism. 

-  Palaeozoic  (Gr.  vroAatos  = '  old,'  and  f(07j  =  '  life')  Rocks  are  so  called  in 
contradistinction  to  the  Mesozoic  and  Cainozoic,  because  they  contain  the 
oldest  forms  of  life.   They  include  the  lowest  division  of  stratified  rocks. 

3  Cambrian  Rocks  were  so  named  by  Professor  Sedgwick  from  Cambria. 
or  Wales,  in  the  north  part  of  wliich  territory  they  form  the  lowest  rocks 
visible  ;  they  embrace  sandstones,  slaty  shales  and  conglomerates. 

4  Silu  rian  Rocks  were  so  named  by  Sir  Roderick  Murchison  Irom  the 
country  of  the  ancient  Silurcs  where  the  strata  arc  well  developed :  they 
include  slates,  limestones,  sandstones,  shales  and  grit. 
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Carboniferous,  aud  Permian  sj'stems,  each  of  whicla  is  distinguished 
hy  its  peculiar  fossil  remains. 

It  was  shown  by  Sir  William  Logan  in  Canada,  and  simul- 
taneously by  iSir  R.  Murchison  in  the  N.W.  parts  of  Scotland,  that 
there  exists  a  sedimentary  s}-stem  of  strata  of  older  date  than  the 
Cambrian  and  Silurian  rocks.  StratiOed  masses,  now  for  the  most 
part  in  the  state  of  gneiss,  yet  containing  numerous  interpolations 
of  schistose,  silicipus,  calcareous  beds,  associated  Avith  many 
granitic  and  hornbleudic  rocks,  are  seen  in  the  Laurentian  momi- 
tains  of  British  North  America  to  rise  up  from  beneath  all  the 
Huronian  (Cambrian),  and  Lower  Silurian  deposits,  and  hence 
Sir  W.  Logan  assigned  to  them  the  name  of  Laurentian.  Dis- 
coTering  a  similar  infraposition  on  the  West  coasts  of  Sutherland 
and  Ross,  including  the  great  island,  of  Lewis,  Sir  R.  Murchison, 
terming  these  rocks  Fimdamental  Gneiss,  demonstrated  that  they 
were  clearly  overlaid  by  sandstone  and  conglomerates,  with  an  en- 
tirely different  strike  ^  (Cambrian),  and  that  the  latter  were  followed 
by  crystalline  schists  and  limestone,  containing  Lower  Silurian 
fossils.  The  separation  of  this  fLmdameutal  or  Lam-entian  gneiss 
from  all  the  younger  schistose,  quartzose  and  occasionally 
gneissose  strata  of  the  central  and  eastern  hig-hlands  of  Scotland, 
which  are  the  metamorphosed  equivalents  of  the  Silurian  rocks, 
is  one  of  the  most  important  additions  to  om'  acquaintance  with 
the  history  of  the  succession  of  geological  formation  which  has 
been  made  in  the  present  day.^ 

In  the  Camh-ian  rocks,  estimated  by  Mr.  Aveland  at  from 
23,000  to  28,000  ft.  thick,  the  organic  remains  include  trilobites, 
phyllopods,  brachiopods,  and  pteropods.  The  Silurian  rocks  are 
fiill  of  such  remains,  which  abound  more  and  more  as  the  strata 
lie  higher  in  the  series ;  the  whole  being  characterised  by  the 
serrated  zoophytes  called  Grajjtolites.  A  discover}^  of  animal 
remains  of  remarkable  interest  was  made  in  1858,  in  the  lowest 
beds  of  the  Laurentian  system,  and  therefore  far  beneath  the  oldest 
of  the  hitherto  known  fossiliferous  formations.  Dr.  Dawson,  of 
Montreal,  examining  this  fossil  in  1864  under  the  micro'scope, 
detected  in  it  the  structm-e  of  a  Rhizopod  or  Foraminifer,  and  gave 
it  the  name  of  Eozoon  Canaderise.^    In  the  lower  Silurian  group 


1  Sirihe{(jex.  5'<mc/ie»  =  ' to  extend ')  is  the  e.r/ensiOM  of  the  strata  in 
a  direction  at  right  angles  to  the  dip. 

2  See  'Quarterly  Journal  Geological  Societ}';'  and  'Xcw  Geological 
Map  of  Scotland,'  by  Murchison  aud  Geilcic. 

3  Herr  Otto  Halm  concludes,  after  an  extensive  examination  of  ophi- 
calcite  or  serpentinons  limestone,  including  some  undoubtedly  genuine 
eozoonal  specimens  from  Canada,  that  the  structure  called  cozoon  is  not 
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are  the  remains  of  sliells,  almost  all  of  extinct  genera ;  and  the 
few  that  have  anj^  aiHnity  to  those  alive  are  of  extinct  species. 
■Crinoidea,  or  stone  lilies,  which  had  been  fixed  to  the  rocks  like 
tulips  on  their  stems,  are  coeval  with  some  of  the  earliest  inhabi- 
tants of  the  deep ;  and  the  tnlobite,^  a  jointed  creature  of  the  crab 
kind,  with  prominent  eyes,  is  almost  exclusively  confined  to  the 
Silurian  strata,  but  the  last  traces  of  it  are  foimd  in  the  Carboni- 
ferous limestone  above.  In  the  upper  Silurian  group  are  abim- 
dance  of  marine  shells  of  almost  every  order,  together  with 
ciinoidea,  vast  quantities  of  corals,  and  some  sea-weeds :  several 
small  and  very  peculiar  fishes,  of  extinct  genera,  but  of  a  high 
organisation,  have  been  foimd  in  the  highest  beds — the  only  ver- 
tebrated  animals  that  have  yet  been  discovered  among  the  count- 
less profusion  of  the  lower  orders  of  animals  entombed  in  the 
jjrimary  fossihferous  strata.  The  remains  of  one  or  more  land- 
plants,  in  a  very  imperfect  state,  are  said  to  have  been  foimd  in 
the  SUurian  rocks  of  North  America,  which  shows  that  there  had 
been  dry  land  with  vegetation  at  that  early  period.'^  The  type  of 
these  plants,  as  well  as  the  size  of  the  shells  and  the  quantity  of 
the  corallines,  indicate  that  a  uniformly  warm  temperature  then 
prevailed  over  the  globe.  During  the  Silurian  period  an  ocean 
covered  the  northern  hemisphere,  islands  and  lauds  of  moderate 
size  had  begim  to  rise  from  beneath  its  waters,  and  earthquakes, 
with  volcanic  eruptions  from  insular  and  submarine  volcanoes, 
were  fi'equent  towards  its  close. 

The  JJ^yper  Palceozoic  strata,  which  comprise  a  great  geological 
period,  and  constitute  a  principal  part  of  the  high  land  of  Europe, 
were  deposited  at  the  bottom  of  an  ocean,  like  the  lower,  from 
the  debris  of  all  the  others,  carried  down  by  water,  and  still  bear 
innumerable  tokens  of'  their  marine  origin.  Calcareous  ^  rocks 
are  more  abimdant  in  these   strata   than  in  the  crystalline,* 

organic,  and  he  asserts  that  the  so  called  canal  system  can  be  paralleled  in  the 
gncissose  rocks  of  Mont  Blauc  and  the  Black  Forest.  ('Acad.'  p.  488  Mav 
G,  1876.)  '  ^ 

1  Trilobites  (Gr.  t/iiAo^o?  = '  three-lobed ')  include  all  those  species  of  fossil 
Tvhich  have  their  bodies  divided  into  three  lobes  by  two  lissures  running 
parallel  to  their  axes. 

~  According  to  Sir  R.  Murchison,  the  highest  authority  npon  this  class 
of  formations,  no  unequivocal  terrestrial  plants  or  vertebral  animals  {i.e. 
fishes)  have  been  found  in  strata  older  than  the  youngest  Siluri.an,  or  the 
Ludlow  rocks,  where  the  Silurian  begin  to  pass  into  the  Devonian  beds,  in 
which  land-plants  and  fishes  abound. 

5  Calcareous  (Lat.  calx,  calcis  =  '\\m&'')  Rocks  are  so  called  because  they 
are  composed  to  a  large  extent  of  Jime. 

CnjstalUne  is  an  epithet  applied  by  geologists  to  such  rocks  as  granite 
quartzitc,  marble,  Ac.,  which  show  by  their  crystalline  structure  that  they 
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probably  because  tbe  carbonic  acid  was  then,  as  it  still  is,  driven  off 
from  the  lower  strata  by  internal  heat,  and  came  to  the  surface 
as  gas  or  in  calcareous  springs,  which  either  rose  in  the  sea  and 
furnished  materials  for  shell-fish  and  coral  animals  to  build  their 
habitations  and  form  coral  reefs,  or  deposited  their  calcareous 
matter  on  the  land  in  the  form  of  rocks. 

The  Devonian  and  old  jRed  Sandstone  (jroup^  in  many  places 
10,000  ft.  thick,  consisting  of  strata  of  conglomerates,  dark  red, 
and  other  sandstones,  marls,  coralline  limestones,  &c.,  forms  a 
link  between  the  Silurian  and  carboniferous  rocks,  by  a  resem- 
blance in  their  fossil  remains.  It  has  fossils  peculiarly  its  own, 
whilst  others  are  common  to  the'  strata  both  above  and  below  it. 
There  are  various  species  of  extinct  fishes  in  this  group,  some  of 
which  were  of  gigantic  size,  others  had  strong  bony  shields  on 
their  heads,  and  one  covered  with  osseous  scales  had  fins  or 
appendages  like  wings.  The  sharks  approach  nearer  to  some  of 
these  ancient  fishes  than  any  other  species  now  living.^ 

During  the  long  period  of  tranquillity  that  prevailed  after  the 
Devonian  group  was  deposited,  a  very  hot,  moist  and  extremely 
equable  climate,  which  extended  all  over  the  globe,  had  clothed 
the  islands  and  lands  in  the  ocean  then  covering  the  northern 
hemisphere  with  luxuriant  tropical  forests  and  jimgles.  Subse- 
quent inroads  of  fresh  water,  or  of  the  sea,  or  rather  partial  sink- 
ings of  the  land,  had  submerged  these  forests  and  jungles,  which, 
being  covered  with  layers  of  sand  and  mud,  had  in  time  been 
consolidated  into  one  mass,  and  were  then  left  dry  by  the  retreat 
of  the  waters,  or,  more  probably,  raised  above  the  surface  by  in- 
ternal forces. 

These  constitute  the  remarkable  group  of  the  Carhoniferom 


have  been  brought  into  their  present  state  through  the  action  of  chemical 
forces. 

1  The  name  of  Devonian  was  given  to  the  rocks  of  this  group  by 
Murchison  and  Sedgwick,  because  the  calcareous  strata  of  Devonshire 
contain  fossils  which  are  milmown  in  the  more  .arenaceous  parts  of  the 
old  Kcd  Sandstone,  and  indicate  an  intermediate  period  between  the 
Silurian  and  Carboniferous  systems.  The  Devonian  rocks  are  repre- 
sented on  the  Continent  by  the  schistose  fossiliferous  rocks  of  the  gorges  of 
the  Ehine,  and  in  Russia  by  others  containing  the  shells  of  Devonshire  and 
the  fossil  fishes  of  the  old  Eed  Sandstone  of  Scotland.  (See  Murchison's 
'  Silurifi.') 

2  Girbonifernus  (Lat.  carto  =  ' coal,'  and/t;ro  =  'I  bear')  is  the  term 
gener.ally  applied  to  beds  or  strata  which  contain  coal. 

5  The  old  Eed  Sandstone  of  Scotland,  where  it  is  remarkably  well  de- 
veloped, has  been  admirably  illustrated  in  three  works  by  the  late  Hugli 
Miller.  (Sec  'Old  Eejl  Sandstone,'  the  'Footprints  of  the  Creator,' and 
'  Testimony  of  the  Eocks.') 
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St/stem,  ■which  consists  of  strata  of  limestones,  shales  and  sand- 
stones, filled  with  a  prodipi-ious  quantity  of  the  remains  of  fossil 
land-plants,  intermixed  with  heds  of  coal,  which  is  entirely  com- 
posed of  vegetahle  matter.^  In  some  cases  the  plants  appear  to 
have  been  carried  down  by  floods,  and  deposited  in  estuaries  near 
the  mouths  of  rivers ;  but  in  most  instances  the  beauty  and 
delicacy  of  their  unpressions  show  that  they  had  grown  near  ta 
the  spot  where  the  coal  was  formed.  More  than  300  species  of 
fossil  plants  have  been  collected  from  the  strata  where  they 
aboimd,  frequently  with  their  seeds  and  fruits,  so  that  enough 
remains  to  show  the  peculiar  nature  of  this  flora,  whose  distin- 
guishing featm'e  is  the  preponderance  of  mouocotyledonous  ^ 
plants ;  among  these  there  were  tree-ferns  of  40  and  60  ft.  high- 
There  were  also  plants  resembling  the  fox-tail  tribe  (equisetum)^ 
of  gigantic  size ;  others  like  the  tropical  club  mosses ;  besides 
others,  to  which  we  have  nothing  now  living  analogous.  Coni- 
ferous trees  of  great  magnitude,  of  the  pine  and  fir  tribes,, 
flom-ished  at  that  period.  The  remains  of  an  extinct  araucaria, 
one  of,  the  largest  of  the  pine  family,  have  been  found  in  the 
British  coal-fields  ;  the  existing  species  now  grow  in  countries  of 
the  southern  hemisphere ;  a  few  rare  instances  occur  of  grasses, 
palms  and  liliaceous  plants.  The  botanical  disti-icts  were  very 
extensive  when  the  coal-plants  were  growing,  for  some  species  are 
nearly  identical  throughout  the  coal-fields  of  Europe  and  America. 
From  the  extent  of  the  ocean,  the  insidar  configuration  of  the- 
land,  the  profusion  of  ferns  and  fii'-trees,  and  the  warm,  moist  and 
equable  climate,  the  northern  hemisphere,  during  the  formation  of 
the  coal  strata,  very  probably  bore  a  strong  resemblance  to  that  of 
the  South  Pacific,  with  its  fern  and  fir  clothed  lands  of  New  Zea- 
land, Kerguelen  Land,  &c.  &c. 

The  marine  remains  of  the  Carboniferous  period  are  found 
chiefly  in  the  mountain  limestone,  a  rock  which  in  some  countries 
lies  beneath  the  coal-measm-es,  or  sometimes  alternates  with  their 
shales  and  sandstones.  They  consist  of  crinoidea  and  marina 
testacecs,^  among  which  the  size  of  the  chambered  shells,  as  well 
as  that  of  the  corals,  shows  that  the  waters  of  the  ocean  were  then 


,  1  The^  total  thickness  of  the  coal-measure  group  is  not  less  than  7000 
feet,  and  it  is  believed  to  be  in  some  places  even  as  much  as  12,000  feet 
thick. 

2  Monocotyledons  (Gr.  MOfos  =  'one,'  and  K0TvAr)Si5i/= '  a  cavity ')  are  a  class 
of  plants  which  have  but  one  seed-lobe  or  cotyledon.  They  are  endogenous 
m  growth,  as  palms,  lilies,  &c. 

3  TestaceoB  (Lat.  testa  = '  a  shell '),  an  order  of  the  class  vei-mes,  nccordin"- 
to  Linna!us  ;  according  to  Cuvier,  an  order  of  the  class  Acephala,  comprism^ 
those  which  arc  provided  with  a  calcareous  shell.  " 
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very  -warm,  even  iu  tlie  high,  northern  latitudes.  The  footsteps  of 
:a  very  large  reptile  allied  to  the  frog  family  liave  been  found  on 
«ome  of  the  OarlDouiferous  strata  of  North.  America.  In  many 
■countries,  as  iu  Scotland,  Russia  and  Turkey,  the  coal-beds  ai"e  in 
the  Carboniferous  limestone. 

The  coal  strata  have  been  very  mucb  broken,  deranged  and 
■dislocated  in  many  places  by  earthquakes  and  igneous  eruptions, 
producing  faults  or  dykes,  and  basaltic  veins,  which  frequently 
■occurred  also  during  the  secondary  fossiliferous  period,  and  from  time 
to  time  raised  islands  and  land  from  the  deep.  The  older  rocks 
are  more  shattered  by  earthquakes  than  the  newer,  because  the 
movement  came  from  below :  but  these  convulsions  have  never 
■extended  all  over  the  earth  at  the  same  time :  for  example,  the 
Silurian  strata  have  been  dislocated  and  disturbed  iu  Britain, 
while  throughout  a  vast  area  in  Russia  they  still  retain  a  hori- 
zontal position.  There  is  no  proof  within  the  historical  period  that 
any  entire  mountain-chain  has  ever  been  raised  by  great  upheavals, 
although  it  is  generally  admitted  by  om-  soundest  geologists  that 
sucb  took  place  at  remoter  periods,  with  long  intervals  of  ordinary 
quiescent  action,  and  that  by  this  means  the  great  moimtain-ridges 
of  our  globe  have  attained  their  present  position :  ^  the  contrary 
opinion,  which  has  for  its  advocate  Sir  0.  Lyell,  will  only  admit 
that  the  elevation  bas  been  produced  by  a  long-continued  and 
reiterated  succession  of  small  internal  movements,  with  intervals  of 
repose.  In  some  rare  instances  the  laud  has  been  raised  up  or  sunlc 
down  by  an  equable  motion  continued  for  ages,  while  in  other 
places  the  surface  of  the  eartb  has  remained  stationary  for  long 
geological  periods. 

The  Permian  ~  system  of  Murchison  comes  immediately  above 
the  coal-measures,  and  consists  of  breccias  or  conglomerates,  gypsum, 
sandstones,  marls,  &c. ;  its  distinguishing  featm-e  in  England  is  a 
yellow  limestone  rock,  containing  a  considerable  proportion  of  car- 
bonate of  magnesia,  which  often  assumes  a  grauiilar  texture,  under 
which  form  it  is  known  as  Magnesian  Limestone  or  Dolomite. 
The  Permian  formation  has  a  flora  and  fauna  peculiar  to  itself, 
approaching  to  those  of  the  coal  strata.  Here  the  remnant  of  an 
earlier  creation  gradually  tends  to  its  final  extinction.  The  flora  is 
to  some  extent  analogous  to  that  in  the  coal  strata  below.  Up- 
wards of  fifty  species  of  fossil  fishes  are  found  in  this  formation,  all 

1  Displacement  of  rocks  and  elevations  of  surface  are  attributed  also  to 
the  shrinldng  or  contraction  of  the  earth's  crust.    (See  Green's  'Geologj-,' 

^  The  Permian  system  takes  its  name  from  the  Ancient  Russian  kingdom 
of  Perm. 
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Tjelonging  to  genera  known  in  the  Carboniferous  epoch :  and 
several  saurian  reptiles/  which  Owen  refers  to  a  higher  order  than 
any  in  the  suhjacent  strata,  some  of  which  may  have  even  lived 
npon  dry  land. 

At  the  close  of  the  Permian  period  all  the  Palaeozoic  animals 
disappeared,  and  an  entirely  new  creation  followed  in  the  next 
series,  called  the  Trias,^  or  new  red  sandstone  formation,  which, 
lies  ahove  the  magnesian  limestone.  In  England  this  formation  is 
particularly  lich  in  rock-salt,  which,  with  beds  of  gypsum  and 
marl,  is  from  1000  to  1500  ft.  thick ;  but  the  Muschelkalk,  a 
peculiar  kind  of  sheUy  limestone,  is  wanting,  whilst  in  Germany 
and  on  the  southern  declivity  of  the  Alps  it  is  remarkable  for  the 
quantity  of  its  organic  remains.  At  this  time  creatiu'es  like  frogs, 
of  enormous  dimensions,  must  have  been  numerous,  as  they  have 
left  their  footsteps  on  what  was  then  a  soft  sea-beach.  Many 
genera  of  fossil  animals  have  been  found  in  the  trias  in  Germany, 
consisting  of  shells,  cartilaginous  fishes,  encrinites,  &c.,  all  dis- 
tinct in  species,  and  many  in  genera,  from  those  of  the  subjacent 
magnesian  limestone,  and  also  from  those  entombed  in  the  strata 
above. 

Durmg  a  long  period  of  tranquillity  the  Oolitic^  or  Jurassic^  group 
was  next  deposited  in  a  sea  of  variable  depth,  and  consists  of 
sands,  sandstones,  marls,  clays,  and  limestones.  At  this  time  there 
was  a  complete  change  in  the  aqueous  deposits  all  over  Europe, 
The  red  iron  stained  arenaceous  rocks,  the  black  coal,  and  dark 
strata,  were  succeeded  by  light-blue  clays,  pale  yellow  limestones, 
and,  lastly,  white  chalk.  The  water  that  deposited  these  strata 
must  have  been  highly  charged  with  carbonate  of  lime,  since  fev>r 
of  the  formations  of  that  period  are  without  calcareous  matter, 
and  calcareous  rocks  were  formed  to  a  prodigious  extent  through- 
out Europe :  the  Pyrenees,  Alps,  Apennines,  and  Balkan  aboimd 
in  them ;  and  the  Jura  moimtains  are  chiefly  formed  of  them. 
Tlie  European  ocean  then  teemed  with  animal  life ;  whole  beds 
consisting  almost  entirely  of  marine  shells  and  corals.    Belemnites  ° 


1  Smirian  reptiles  arc  crocodiles,  lizards,  iguanas,  &c. 

2  Trias  is  a  continental  term,  and  was  LorroAved  to  denominate  this 
period,  because  in  German  j'  and  on  the  borders  of  France  the  rocks  deposited 
during  tliis  period  formed  three  well-marked  groups  called  the  '  Keuper,' 
•Muschelkalk'  and  '  Bunter-Sandstein.' 

~'  So  called  because  in  the  part  where  they  were  first  examined  these 
rocks  comprised  many  beds  of  Oolitic  limestone. 

•»  The  group  was  termed  Jurassic  because  they  compose  the  Jura 
mountains. 

5  Belemnites  (Gr.  /3eAe^;/ov  =  <a  dart')  are  fossil  shells  which  are  pointed 
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■and  Ammonites,'^  from  an  inch  in  diameter  to  the  size  of  a  cai-t- 
•wheel,  are  entomhed  by  myriads  in  the  strata ;  whole  forests  of 
that  heautifiil  Encrinite,  the  stone-lily,  ilom-ished  on  the  surface 
of  the  oolite,  then  under  the  waters  ;  and  the  Pentacrinite,  one  of 
the  same  family,  is  embedded  in  millions  in  the  Lias,  which  oecu- 
-pies  extensive  tracts  in  Europe.    Fossil  Jishes  are  numerous  in  the 
Oolitic  strata,  hut  different  from  those  of  the  Carboniferous,  Per- 
mian, and  Triassic  series.  The  newly  raised  islands  and  lands  were 
clothed  with  vegetation  like  that  of  the  large  islands  of  the  inter- 
tropical archipelagos  of  the  present  day,  which,  though  less  rich 
than  during  the  Carboniferous  period,  still  indicate  a  very  moist 
?ind  warm  climate.    Feriis  were  less  abundant ;  they  were  asso- 
ciated with  various  genera  and  species  of  the  cycadeae,  which 
had  grown  on  the  S.  coast  of  England,  and  in  other  parts  of 
N.  Europe,  as  they  now  do  with  the  cycas  and  zamia  of  the 
tropics.     The  pandauus,  or  screw-pine,  the  first  tenant  of  new 
lauds  in  ancient  and  modern  times,  belongs  to  a  family  found 
iu  a  fossil  state  in  the  inferior  Oolite  of  England,  which  was 
but  iust  rising  from  the  deep  at  that  time.    The  species  now 
flourishing  grows  only  on  the  coasts  of  such  coral  islands  in 
the  Pacific  as  have  recently  emerged  from  the  waves.    In  the 
upper  strata  of  this  group,  however,  the  confervte  ^  and  monocoty- 
ledonous  plants  become  more  rare— an  indication  of  a  change  of 
climate. 

The  new  lands  that  were  scattered  above  the  ocean  of  the 
Oolitic  period  were  drained  by  rivers,  and  inhabited  by  crocodiles 
and  other  saurians  of  gigantic  size,  mostly  of  extinct  genem.  A 
modern  discovery  has  also  shown  that  birds  of  a  primitive  type 
existed  at  this  epoch.  The  remains  of  a  strange  form,  named 
Archeopteryx,^  were  first  foimd  in  1861,  in  the  lithographic  slate 
of  Solenhofen;  iu  1862  a  nearly  perfect  skeleton  was  discovered 
and  added  to  the  collection  iu  the  British  Museum.  The  chief 
peculiarity  of  this  early  form  of  bird  is  that  the  tail  is  elongated  as 
iu  lizards,  consisting  of  20  vertebrae,  with  feathers  on  each  side 
along  the  whole  length,  one  pair  to  each  vertebra.    The  crocodUes 

like  darts,  and  frequently  found  in  chalk.   They  are  commonly  called 

'^^""SLmrSs  (Lat.  cornuAmmonis^'\iom  of  Ammon  '),  are  fossil  shells 
r  elated  to  the  uaxitilus  and  belonging  to  the  tribe  of  cuttle  lish,  or  Cephalo- 

^'"''2'  Coi^fenie  are  plants  with  nearly  imperceptible  fructification,  found  in 

•  .V,  iw  TTPvmiii  Von  Meyer  to  the  fossil  impression  of  a  feather  found  on 
;  oC^svIfLs  of  a  split  slab  of  the  Solenhofen  (Oolitic)  slate. 
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of  the  Oolitic  period  come  nearest  to  living  reptiles  ;  hut  the  others, 
thous-h  bearino:  a  similitude  in  "■eneral  structure  to  recent  forms, 
Tvere  quite  anomalous,  combining  in  one  the  structure  of  various 
•distinct  creatures,  and  so  monstrous  that  they  must  have  been  more 
like  the  visions  of  a  ti'oubled  dream  than  things  of  real  existence  ; 
yet  in  organisation  a  few  of  them  came  nearer  to  the  type  of  living 
mammalia  than  any  existing  reptiles  do.  Some  of  these  had  lived  in 
rivers,  others  in  the  ocean — some  were  inhabitants  of  the  land,  others 
were  amphibious  ;  and  the  several  species  of  one  genus  even  had 
wings  like  a  bat,  and  fed  on  insects.  There  were  both  herbivorous 
and  predaceous  saurians ;  and  from  their  size  and  strength  they 
must  have  been  formidable  enemies  to  their  neighbours.  Besides 
the  numbers  deposited  are  so  great,  especially  in  the  has,  a  marine 
formation  of  clay  and  limestone,  which  forms  the  lowest  portion 
of  the  Oolitic  series,  that  they  must  have  swarmed  for  ages  in  the 
estuaries  and  shallow  seas  of  the  period.  They  gradually  diminished 
in  number  towards  the  end  of  the  secondary  fossiliferous  epoch ; 
but  as  a  class  they  lived  in  all  subsequent  eras,  and  some,  as  the 
crocodiles,  still  exist  in  tropical  coimtries,  although  the  species  are 
very  different  from  then-  ancient  congeners.  Tortoises  of  various 
kinds — also  a  family  that  still  exists — were  contemporary  with 
the  sam-ians.  In  the  Stonefield  slate,  a  stratum  of  the  Oolitic 
group,  there  are  the  remains  of  insects,  and  the  bones  of  4  small 
quadrupeds  have  been  fouud  there  belonging  to  the  marsupial, 
tribe  ^ — a  very  remarkable  circumstance,  not  only  as  being  the 
most  ancient  animal  of  the  class  of  mammalia,  but  because  that 
family  of  animals  at  the  present  time  is  confined  to  Austra- 
lia, the  two  Americas,  as  far  north  as  Pennsylvania — and  higher 
up  in  the  Oolitic  series,  in  the  Purbeck  beds  of  Dorsetshire, 
as  many  as  14  species  of  predaceous  and  insectivorous  mam- 
maUa,  allied  to  the  beautiful  kangaroo  rat  of  Australia.  The 
great  changes  in  animal  life  are  indications  of  the  successive 
alterations  that  had  taken  place  during  this  period  on  the  earth's 
sm-face. 

The  Cretaceous'^  strata  follow  the  Oolite  in  the  ascending  order, 
consisting  of  clays,  green  and  Hastings  sands,  blue  limestone,  and 
■chalk,  probably  formed  of  the  debris  of  coral  and  shells,  which 
predominates  so  much  in  England  and  other  parts  of  Europe  that 


1  Marsupial  animals  have  pouches  in  wluch  their  young  take  refuge  and 
are  nourished  till  they  attain  a  certain  development.  The  opossum  and 
kangaroo  are  marsupials. 

~  Cretaceous  (Lat.  C7'eia  =  ' chalk,')  strata  are  the  most  recent  of  the 
Mesozoic  series  of  rocks,  and  in  England  are  divided  into  chalk  and  green- 
sand. 
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it  lifis  given  tlie  name  and  its  peculiar  featiu-e  to  the  whole  gi-oup. 
The  chalk,  however,  is  by  no  means  universally  distributed;  it  is 
wanting  in  many  parts  of  the  world  where  the  other  strata  of  this 
series  prevail,  and  then  their  connexion  with  the  group  can  only 
be  ascertained  by  the  identity  of  their  fossil  remains.  AVith  the 
exception  of  some  beds  of  coal  in  the  Oolitic  series,  the  Wealdea 
clay,  the  lowest  of  the  Cretaceous  group  in  England,  is  the  only 
freshwater  formation,  and  the  tropical  character  of  its  flora  shows 
that  the  climate  was  still  very  warm.  Plants  allied  to  the  zamias 
and  cycadefe  of  our  tropical  regions,  many  ferns  and  conifers  of  the 
genus  araiicaria,  characterised  its  vegetation.  It  was  inhabited  by 
tortoises  approaching  to  forms  that  now  live  in  warm  countries,  and 
saurian  reptiles  of  several  different  genera  swarmed  in  the  lakes 
and  estuaries.  This  clay  contains  freshwater  shells  and  fish  of  the 
carp  kind. 

The  Cretaceous  strata  above  oiu-  Wealden  clay  are  lull  ot 
marine  remains.    There  are  vast  tracts  of  sand  in  N.  Em-ope,  and 
many  very  extensive  tracts  of  chalk ;  but  in  the  S.  part  of  the 
continent  'the  Cretaceous  rocks  assume  a  different  mineralogical 
character.    There  and  elsewhere  extensive  limestone  rocks,  fiUed 
with  very  peculiar  shells,  show  that,  when  the  Cretaceous  strata  were 
^rniino-,  an  ocean  extended  from  the  Atlantic  into  Asia,  which 
covered' the  S.  of  Prance,  all  S.  Europe,  part  of  Syria,  the 
isles  of  the  iBgean  Sea,  the  coasts  of  Thrace  and  the  Troad. 
The  remains  of  turtles  have  been  found  in  the  Cretaceous  group, 
quantities  of  coral,  and  abimdance  of  shells  of  extinct  species;, 
some  of  the  most  minute  species  of  microscopic  sheUs,  or  Foram  im- 
fera '  which  constitute  a  large  portion  of  the  chalk,  have  close 
anal'ooT  with  creatures  now  alive,  the  Globigerinaj,  formmg  the 
first  approach  to  an  identity  of  species  in  the  ancient  and_  modem 
creation.    An  approximation  to  recent  modes  of  distribution  is  to 
be  observed  also  in  the  arrangement  of  organised  nature,  since  at 
this  earlv  period,  and  even  in  the  Siliu-ian  and  Oolitic  epochs,  the 
marine  fauna  was  divided,  as  now,  into  distinct  geographical  pro- 
vinces   The  great  saurians  were  on  the  declme,  and  many  ot  tnem 
were  found  no  more,  but  a  gigantic  creature,  allied  to  the  momtor 
and  io'uana,^  lived  at  this  period.  Erom  the  Trias  to  the  ChaUv  m- 
clu^^ive  only  two  instances  of  fossil  birds,  besides  the  Archeoptep, 
are^cited,  one  m  a  chalk  deposit  in  the  Swiss  Alps,  and  the  other, 
Ikind  of  albatross,  in  the  chalk  of  England;  in  North  Amenca 
however,  footmarks  of  a  variety  of  birds  have  been  found  in  the 

1  nravunlfera  (Lat7f«m,«e.=' a  hole,'  and/ero  =  '  I  carry'),  a  class  of 
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strata  between  tlie  coal  aud  lias,  some  of  whicli  are  larger  tlian  those 
of  the  ostrich. 

With  the  Tertiary,  a  new  order  of  things  may  he  said  to  com- 
mence, approaching  more  closely  to  the  actnal  state  of  om*  glohe. 
Daring  the  Tertiary  period  the  same  causes  under  new  cu'cum- 
stances  produced  an  infinite  variety  in  the  order  and  nature  of 
the  strata,  accompanied  hy  a  corresponding  change  in  animal  and 
vegetable  life.  The  old  creation,  which  had  little  in  common 
with  the  existing  order  of  things,  had  passed  away,  and  given  place 
to  one  more  nearly  approaching  to  that  which  now  prevails.  Among 
the  myriads  of  beings  that  inhabited  the  earth  and  the  ocean-  during 
the  secondary  fossiliferoiis  epoch  scarcely  one  species  is  to  be  found 
in  the  Tertiary.  This  break  in  the  law  of  continuity  is  the  more 
remarkable,  as  hitherto  some  of  the  newly  created  animals  were 
generally  introduced  before  the  older  were  extinguished.  The 
■circumstances  and  climate  suited  to  the  one  became  more  and 
more  unfit  for  the  other,  which  consequently  perished  gradually, 
while  their  successors  increased.^ 

The  series  of  rocks,  from  the  granite  to  the  end  of  the  secondary 
fossiliferous  strata,  taken  as  a  whole,  constitute  the  solid  crust  of 
the  globe,  and  in  that  sense  are  imiversally  diffused  over  the  earth's 
.surface.  The  Tertiary  strata  for  the  most  part  occupy  the  hollows 
formed  in  this  crust,  whether  by  subterraneous  movements,  by  lakes 
or  denudation  by  water  as  in  the  estuaries  of  rivers,  and  conseq[uentlv 
occm-  in  irregular  tracts,  often,  however,  of  very  great  thickness  and 
•extent. 

The  innumerable  basins  and  hollov/s  with  which  the  continents 
and  larger  islands  had  been  indented  for  ages  after  the  termination 
of  the  secondary  series  had  sometimes  been  freshwater  lakes,  and 
.at  other  times  inundated  b}^  the  sea :  consequently,  the  deposits 
which  took  place  during  these  alternate  changes  contain  the  spoils 
■of  both  terrestrial  and  marine  animals. 

There  are  3  distinct  groups  in  tbese  strata ;  the  Loivest  Ter- 
tiary or  Eocene  ~  yroup,  so  called  by  Sir  Charles  Lyell,  because 
among  the  myriads  of  fossil  shell-fish  which  it  contains,  very  few 
;are  identical  with  those  now  living ;  the  Miocene,^  or  middle  group, 


1  A  break  in  no  degi-ee  less  remarkable  than  that  between  the  Chalk  and 
•■the  Tertiary  strata,  exists  at  tlie  base  of  the  secondary  series,  betAveen  the 
Permian  and  the  Triassic  series. 

2  jE'omie(Gr.i7<oi  =  'clawn,  daybreak,' and  »cati'd9  = 'new,  recent '),  atenn 
^applied  by  geologists  to  the  lir.st  in  point  of  time  of  the  tlirco  subdivisions 
into  which  the  Tertiary  formation  is  divided  and  alluding  to  the  approxi- 
mation in  its  life  to  that  of  the  present  era. 

^  3Iiocene  (Gr. /xetw;/  =  'less,'  and  Kaii.d5  =  '  new,  fresh,  recent')  is  a  term 
•applied  by  geologists  to  the  middle  division  of  the  Tertiary  strata. 
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lias  a  greater  nuui'ber  of  the  exuvias  of  existing  species  of  shells  ; 
aud  the  Pliocene,'^  or  upjie?-  (jrou]),  a  still  larger  proportion.  Though 
frequently  heaved  up  to  great  elevations  on  the  flanks  of  the 
mountain  chains,  as,  e.g.,  in  the  Alps  and  Apennines,  often  as- 
suming a  vertical  stratification,  a  part  of  the  Tertiary  strata  main- 
tain their  original  horizontal  position  in  the  places  where  they  -were 
deposited.  Immense  insulated  deposits  of  this  kind  are  to  he  met 
■with  all  over  the  world :  Europe  abounds  with  them ;  London, 
Paris,  Rome,  and  Vienna  stand  on  such  strata;  and  they  cover 
immense  tracts  hoth  in  North  and  South  America. 

The  gigantic  reptiles  had  mostly  disappeared,  and  mammalia,  of 
forms  scarcely  less  anomalous,  though  approaching  more  nearly  to 
animals  now  living,  took  possession  of  the  earth. 

Numerous  species  of  extinct  animals,  of  the  order  of  Tachyiler- 
mata^  that  lived  during  the  Eocene  period,  and  to  the  gi-eater 
number  of  which  we  have  nothing  analogous,  have  been  found  in 
various  parts  of  the  world,  especially  in  the  Paris  basin  ;  they  were 
mostly  herbivorous  quadrupeds,  which  frequented  the  borders  of 
the  rivers  and  lakes  that  covered  the  greater  part  of  Europe  at  that 
time.    This  is  the  more  extraordinary,  as  existing  animals  most 
similar  to  them,  the  tapirs  for  instance,  are  confined  to  the  tropical 
countries.    These  creatiures  were  widely  diffiised,  and  some  of  them 
were  associated  with  genera  still  existing,  though  of  totally  dif- 
ferent species ;  such  as  animals  allied  to  the  racoon  aud  dor- 
mouse, the  ox,  bear,  deer,  fox,  dog,  &'c.,  &c.    Although  these  quad- 
rupeds differ  from  those  of  the  present  day,  the  same  proportion, 
existed  then  as  now  between  the  carnivorous  and  herbivorous 
genera.   Remains  oimarine  mammalia  ^  of  this  period  have  also  been 
found,  sometimes  at  great  elevations  above  the  sea,  all  of  extmct 
species  ;  some  of  these  cetacea  were  of  huge  size.    This  marvellous 
change  in  the  living  creation  was  not  confined  to  the  earth  aud 
the  o"cean ;  the  air  also  was  now  occupied  by  many  extinct  races  of 
birds  allied  to  the  owl,  buzzard,  quail,  ciulew,  &c.    The  climate 
must  stiU  have  been  warmer  than  at  present,  from  the  remains  ot 
land  and  sea  plants  allied  to  those  now  growing  in  equatorial  latitudes. 
Even  in  England  bones  of  the  opossum,  monkey,  crocodile,  and 
boa  have  been  discovered,  animals  of  warmer  latitudes,  besides 


1  Fliocene  (Gr.  7rA6;<ov  =  ')norc,'  Kaii/d9  =  'iiew,  recent')  isthetermapplieil 
to  the  most  recent  Tertiary  deposits  in  which  upwards  of  40  per  cent,  of  the 
fossil  shells  are  of  recent  species.  _ 
-    2  Fachydei-mata  are  thick-sidnned  animals,  as  the  rlnnoceros,  hog,  ele- 

seals,  walruses,  whales,  porpoises,  &c. 
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a  sword  and  saw  fisli,  iDotli  genera  at  present  foreign  to  tlie  Britisli- 
seas. 

During  the  Miocene  ^^eHod  new  amphibious  quadrupeds  were 
associated^with  the  old,  of  which  the  Dinotheiium  ^  is  the  most  re- 
markable, and  one  of  the  largest  of  the  mammalia  yet  found,  of  a. 
singular  form,  and  surpassing  the  elephant  in  size. 

The  P«teo^7ie/-M»/i  ^  belonged  to  this  period,  and  also  the  huge. 
Mastodon.^  Various  families,  and  even  genera,  though  no  species,, 
of  quadrupeds  noAV  existing  were  associated  Avith  these  extraordi-; 
nary  creatures,  such  as  the  elephant,  rhinoceros,  hippopotamus, 
tapir,  horse,  bear,  wolf,  hyaena,  weasel,  beaver,  ox,  buifalo,  deer,: 
&c. ;  and  also  marine  mammalia,  as  seals,  dolphins,  walruses,  and- 
lamantins.  Indeed,  in  the  constant  increase  of  animal  life  mani- 
fested throughout  the  whole  of  the  Tertiary  strata,  the  forms, 
approach  nearer  to  the  living  ones  the  higher  their  remains  lie  in 
the  series. 

In  the  older  Pliocene  period  some  of  the  large  amphibious  quad- 
rupeds, and  other  genera  of  mammalia  of  the  earlier  Tertiary 
periods,  cease  to  appear  ;  but  there  we  find  the  mastodon,  and  the 
Elephas  primigenius  or  mammoth,  besides  other  species  of  elephant, 
of  prodigious  size,  which  were  associated  with  numerous  quadru- 
peds of  existing  genera,  but  lost  species.  Extinct  species  of  many 
genera  of  quadrupeds,  now  living,  inhabited  the  earth  at  that  time ; 
their  bones  have  been  discovered  in  caverns,  enveloped  in  calca- 
reous breccia  or  embedded  in  most  of  the  sti'ata  of  the  epoch — as  the, 
hippopotamus,  rhinoceros,  elephant,  horse,  bear,  wolf,  water  rat, 
hysena,  tiger,  and  several  birds.  It  is  remarkable  that  in  Australia 
the  fossil  bones  all  belong  to  gigantic  species  of  genera  of  kangaroos, 
and  wombats,  animals  of  the  marsupial  family,  which  are  so  pecu- 
liarly the  inhabitants  of  that  country  at  the  present  day.  The 
newer  Pliocene  strata  show  that  the  same  analogy  existed  between 
the  extinct  and  recent  mammalia  of  South  America,  both,  with  few 
exceptions,  belonging  to  that  continent  alone ;  for  the  fossil  re- 
mains, quite  different  from  those  in  the  old  world,  are  of  animals 
of  the  same  families  with  the  sloths,  anteaters,  and  armadilloes 
which  now  inhabit  that  country,  but  of  vastly  superior  size.  AVere 
changes  of  species  admitted,  one  might  almost  fancy  that  these 


1  Dinothcrium  (Gr.  Seti/ds  =  ' terrible,'  and  9i)pc'oi'  =  'a  beast'),  a  fossU 
animal  of  enormous  size,  reniavlcable  for  having  set  in  its  under  jaw  two 
great  elephant-like  tusks. 

^  Palwotherium  (Gr.  7ra\aid9= '  ancient,'  and  ei)pto»'  =  ' beast'),  a  fossil 
animal  of  the  tapir  kind. 

5  3Iustodon  (Gr.  m"<''''os  =  ' the  breast  of  a  woman,' and  oSov's,  65di'Tos  =  'a 
tooth'),  a  fossil  animal  resembling  the  elephant,  and  having  conical  projections 
on  its  molar  teeth,  from  wliich  it  has  been  named. 
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countries  liad  escaped  the  wreck  of  time,  and  that  their  inhabitants 
had  dwindled  under  the  change  of  circumstances.  The  Mega- 
therium and  Equns  curvidens,  or  extinct  horse,  had  so  vast  a  range 
in  America,  tliat  Avhile  Sir  Charles  Lyell  collected  their  bones  in 
Georgia  in  33°  N.  latitude,  ]Mr.  Darwin  brought  them  from  the  cor- 
responding latitude  in  South  America.  The  Equus  curvidens 
difl'ered  as  much  from  the  living  horse  as  the  quagga  or  the  zebra 
does,  and  the  fossil  horse  found  in  Em-ope  is  also  probably  a  dis- 
tinct and  lost  species. 

A  compai'isou  of  the  fossil  remains  with  the  living  forms  has 
shown  the  analogy  between  these  beings  of  the  ancient  world  and 
those  that  now  people  the  earth  ;  and  the  greatest  triumph  of  the 
naturalist  is  the  certainty  with  which  he  cau  decide  upon  the  nature 
of  animals  that  have  been  extinct  for  thousands  of  years,  from  a 
few  bones  entombed  on  the  earth's  surface.  Ouvier  will  ever  be 
celebrated  as  the  founder  of  this  branch  of  comparative  anatomy, 
which  Professor  Owen,  in  our  own  country,  and  following  in  his  steps, 
has  so  much  extended.  Among  many  other  important  discoveries, 
he  has  found,  by  microscopic  observation,  that  the  structm-e  of  the 
tissue  of  Avhich  teeth  are  formed  is  difterent  in  dilferent  classes  of 
animals,  and  that  the  species  can  in  many  instances  be  determined 
from  the  fragment  of  a  tooth.  A  small  portion  of  a  bone  enabled 
him  to  decide  on  the  nature  of  the  extinct  race  of  gigantic  bu-ds 
which  formerly  inhabited  New  Zealand,  and  the  subsequent  dis- 
covery of  the  entire  skeleton  confirmed  the  accm-acy  of  this  deter- 
mination. 

The  greater  part  of  the  continents  in  the  N.  hemisphere  was 
elevated  above  the  sea  during  the  Tertiary  period,  and  such  lauds 
as  already  existed  acquired  additional  height;  consequently  the 
climate,  which  had  previously  been  warm  and  equable,  became 
gradually  colder,  for  an  increase  of  land,  which  raises  the  tem- 
perature between  the  tropics,  has  exactly  the  contrary  eflect  in 
higher  latitudes.  To  this  cause,  and  especially  to  the  increase  of 
laud  in  and  near  the  Arctic  circle,  may  be  attributed,  perhaps, 
the  greater  degree  of  cold  that  appears  to  have  prevailed  during 
the  latter  part  of  the  Pliocene  period,  when  a  large  extent  of 
the  European  continent  was  covered  by  an  ocean  full  of  floating 
ice,  not  unlike  that  seen  at   this  day  oft"  the  N.E.  coast  of 

During  the  latter  part  of  the  Pliocene  period,  however,  the  bed  of 


1  If  a  line  be  drawn  from  the  north-eastern  coast  of  Xorth  America 
within  the  limit  of  floating:  ice,  and  if  it  be  continued  across  tlie  southern 
half  of  Ireland  and  England,  and  prolonged  eastward  so  as  to  strike  against 
the  Ural  mountains,  it  will  mark  the  boundary  of  the  European  portion  of 
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that  glacial  oceau  rose  partially,  and  after  many  Ticissitudes  tlie 
Eiiropeau  continent  assnined  nearly  its  present  form.  There  is 
every  reason  to  believe  that  the  glacial  sea  extended  also  over  great 
portions  of  the  Arctic  lands  of  Asia  and  America.  Old  forms  of 
animal  and  vegetable  life  were  destroyed  by  these  alterations  in  the 
surface  of  the  earth,  and  the  consequent  change  of  temperatiu'e ; 
and  when,  in  the  progress  of  the  Pliocene  period,  the  mountain  tops 
appeared  as  islands  above  the  water,  they  were  clothed  with  the 
flora  and  peopled  by  the  animals  they  still  retain ;  and  new  forms 
were  added  as  the  land  rose  and  became  dry  and  fitted  to  receive 
and  maintain  the  races  of  animals  noAV  alive,  all  of  which  had 
possession  of  the  earth  for  ages  prior  to  the  commonly  received 
historical  or  human  period.  Some  of  the  extinct  animals  had  long 
resisted  the  great  vicissitudes  of  the  times ;  of  these  the  species  of 
Mcphant  whose  remains  are  found  all  over  Europe,  Asia,  and 
America,  but  especially  in  the  frozen  soil  of  Siberia,  alone  outlived 
its  associates,  the  last  remnant  of  a  former  world.  In  two  or  three 
instances  this  animal  has  been  discovered  entire,  entombed  in  frozen 
mud,  Avith  its  hair  and  flesh  so  fresh  that  wolves  and  dogs  fed 
upon  it.  The  globe  of  the  eye  of  one  found  by  M.  Middendorf  at 
Tas,  between  the  rivers  Ob  and  Yenisei,  was  so  perfect  that  it  is 
now  preserved  in  the  museum  at  Moscow.  It  has  been  supposed 
that,  as  the  Siberian  rivers  flow  for  hundreds  of  miles  from  tlie 
S.  part  of  the  country  to  the  Arctic  Ocean,  these  elephants 
might  have  been  drowned  by  floods  while  browsing  in  the  milder 
regions,  and  that  their  bodies  were  carried  down  by  the  rivers  and 
embedded  in  mud,  and  frozen  before  they  had  time  to  decay.  Mr. 
Darwin  has  suggested  that  if  the  climate  of  Siberia  has  at  any 
time  been  similar  to  that  of  the  high  latitudes  of  South  America, 
where  the  line  of  perpetual  snow  in  the  Andes,  and  its  sudden 
flexure  in  Southern  Chile,  come  close  to  a  nearly  tropical  vege- 
tation, such  a  vegetation  may  have  prevailed  S.  of  the  frozen 
regions  in  Siberia.  On  the  other  hand,  although  the  living  species 
of  this  animal  are  now  inhabitants  of  the  torrid  zone,  they 
may  have  been  able  to  endure  the  cold  of  a  Siberian  winter ; 
for  Cuvier  has  shown  that  the  fossil  diflered  as  much  from  the 
living  elephant  as  the  horse  does  from  the  ass.  ]Mi\  Darwin 
supposes  that  the  supply  of  food  in  summer  was  probably  sufli- 
cient,  since  the  quantity  requisite  for  the  maintenance  of  the 
larger  animals  is  by  no  means  in  proportion  to  their  balk  ;  or  these 
elephants  may  have  migrated  to  a  more  genial  climate  in  the  colder 
months. 

the  glacial  sea.   It  submerged  part  of  Russia  to  the  depth  of  1000  ft. — 

•  Essay  on  the  British  Fauna  and  Flora,'  by  Profe.«sor  E.  Forbes,  in  the 

*  Memoirs  of  the  Geological  Survey  of  Great  Britain,'  vol.  i. 
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Shell-fish  seem  to  liave  "been  more  aHe  to  endure  all  the  gi'eat 
g-eological  changes  than  any  of  their  organic  associates,  hut  they 
show  a  constant  approximation  to  modern  forms  during  the  progress 
of  the  Tertiary  period.  The  whole  of  these  strata  contain  enormous 
quantities  of  shells  of  extinct  species  ;  in  the  oldest,  5  per  cent,  of 
the  shells  are  identical  with  species  now  existing,  while  in  the 
uppermost  strata  of  this  great  geological  period  there  are  not  less 
than  from  80  to  95  in  100  identical  with  those  now  living  in  the 
surrounding  seas.^ 

Of  all  the  fossil  fishes,  from  the  uppermost  Silurian  strata  to 
the  end  of  the  Tertiary,  scarcely  one  is  specifically  the  same  with, 
living  forms.  In  the  Eocene  strata  one-third  belong  to  extinct 
genera. 

Under  the  vegetahle  mould  in  every  country  there  is  a  mass  of 
loose  sand,  gravel,  and  mud,  called  alluvium,  lying  upon  the  sub-, 
jacent  rochs,  often  of  great  thickness,  which  in  the  high  latitudes 
of  North  America  and  Europe  is  mixed  with  enormous  fragments 
of  rock,  sometimes  angular,  and  sometimes  rounded  and  water- 
worn,  which  have  been  transported  hundreds  of  miles  from  their 
origin.  It  is  Imown  as  the  Boulder  formation,  or  Northern  Drift : 
from  the  identity  of  its  rolled  masses  with  the  rocks  of  the  northern 
mountains,  they  evidently  have  been  derived  from  them,  and  their 
size  becomes  less  as  the  distance  increases.  In  Russia  there  are 
blocks  of  srreat  mao-nitude  that  have  been  carried  800  and  even 
1000  m.  in  a  S.E.  direction  from  their  origin  in  the  Scandinavian 
range.  There  is  reason  to  believe  that  these  enormous  masses 
were  transported  by  icebergs,  and  deposited  when  the  N.  parts- 
of  the  continents  were  covered  by  tlie  glacial  sea,  by  which 
part  of  Russia  was  submerged  to  the  depth  of  at  least  1000  ft. 
The  same  process  is  now  in  progress  in  the  high  S.  latitudes, 
where  icebergs  have  been  met  covered  with  fragments  of  rock  and 
boulders.^ 

The  last  manifestation  of  creative  power,  with  few  exceptions, 
difiers  specifically  from  all  that  preceded  it ;  the  recent  strata  con- 
tain only  the  exuvite  of  animals  now  living,  often  mixed  with  the 
works  of  man. 

The  solid  earth  thus  tells  us  of  mountains  washed  down  into  the 
sea  with  their  forests  and  inhabitants ;  of  lands  raised  from  the 


1  Accordini;  to  Sir  C.  Lj-eU,  the  Pliocene  deposits  of  England  (the  Xor- 
■vvich,  Red,  and  Coralline  Crags)  contain  respectively,  and  in  the  descending 
order,  80,  57,  and  51  per  cent,  of  species  still  living,  most  of  which  belong 
to  the  British  seas. 

2  Sir  James  Boss  and  Captain  Wilkes  fell  in  with  icebergs  covered  with 
mud  and  stones  in  tlie  Antarctic  seas  even  in  OG'  5"  lat.  One  block  seen  by 
Sir  James  Koss  was  estimated  to  weigh  many  tons. 
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bottom  of  tlie  ocean,  loaded  with  tlie  acciumilated  spoils  of  cen- 
turies ;  of  torrents  of  water  and  torrents  of  &e.  In  tlie  ordinances 
of  the  heavens  no  voice  declares  a  beginning,  no  sign  ppmts  to  an 
end  ;  in  the  hosoni  of  the  earth,  however,  the  dawn  of  life  appears, 
the  time  is  ohscm-ely  marked  when  the  first  living  things  moved  m 
the  waters,  when  the  first  plants  clothed  the  land.  There  we  see 
that  during  ages  of  tranquillity  the  solid  rock  was  forming  at  the 
hottom  of  the  ocean,  that  during  ages  it  was  tossed  and  riven  by 
fire  and  earthquake.  What  years  must  have  gone  hy  since  that 
ocean  flowed  which  has  left  its  ripple  marks  on  the  sand,  now  a 
solid  mass  on  the  mountain— since  those  imloiown  creatures  left- 
then-  footprints  on  the  shore,  now  fixed  hy  time  on  the  rock  for 
ever!— time,  which  man  measures  hy  days  and  years,  natiu-e 
measmes  hy  thousands  of  centuries. 

The  thiclmess  of  the  Fossiliferous  strata  from  their  first  appear- 
ance to  the  end  of  the  Tertiary  formation  has  been  estimated  at 
fi-om  7  to  8  m. ;  so  that  the  "time  requisite  for  their  deposition 
must  have  heen  immense.  Every  river  carries  domi  mud,  sand, 
or  gravel,  to  the  sea:  the  Ganges  and  Brahmaputra  united  are 
calculated  to  hring  6,3fi8,077,440  cubic  ft.  of  solid  matter  every 
hour  into  the  Bay  of  Bengal,!  ^be  Indus  5,866,000,000,  and  the 
jVIississippi  .3,702,758,400;  yet  notwithstanding  these  great  de- 
posits, the  Italian  hydrographer  Manfredi  has  estimated  that,  if 
the  sediment  of  all  the  rivers  on  the  globe  were  spread  equally 
over  the  bottom  of  the  ocean,  it  would  require  1000  years  to  raise 
its  bed  one  foot ;  so  that  at  that  rate  it  would  require  .3,960,000 
years  to  raise  the  bed  of  the  ocean  alone  to  a  height  nearly  equal 
to  the  thickness  of  the  fossiliferous  strata,  or  7^  m.,  not  taking- 
account  of  the  w^aste  of  the  coasts  by  the  sea  itself:  but  if  the 
whole  globe  be  considered,  instead  of  the  bottom  of  the  sea  only,' 
the  time  would  be  nearly  four  times  as  great,  even  supposing  as 
much  alluvium  to  be  deposited  uniformly  both  with  regard  to  time 
and  place,  which  it  never  is.  Besides,  in  various  places  the  strata 
have  been  more  than  once  carried  to  the  bottom  of  the  ocean,  and 
again  raised  above  its  siu'face  after  many  ages,  so  that  the  whole 
period  from  the  beginning  of  these  primary  fossiliferous  strata  to 
the  present  day  must  be  great  beyond  calculation.  These  great 
periods  of  time  correspond  wonderfully  with  the  gradual  increase 
of  animal  life  and  the  successive  creation  and  extinction  of  num- 
berless orders  of  being,  and  with  the  incredible  quantity  of  organic 
remains  bm-ied  in  the  crust  of  the  earth  in  eveiy  country  on  the 
face  of  the  globe.  •  . 


1  Lyell,  '  Principles  of  Geology,'  10th  Edition,  vol.  i.,  pp.  458,  481  ; 
Trcmcuhecre,  '  Journal  of  the  Eoval  Geographical  Society,'  vol.  xxxvii. 
p.  70. 
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•  Ever}'  great  geological  change  in  tlie  nature  of  the  strata  Avas 
accompanied  by  the  introduction  of  a  nev?-  race  of  beings,  and  the 
gradual  extinction  of  those  previously  existing,  their  structure  and 
habits  being  no  longer  fitted  for  the  altered  circumstances  in  -which 
these  changes  had  placed  them.  These  changes,  however,  were 
never  abrupt ;  and  it  may  be  observed  that  there  is  no  proof  of 
progressive  development  of  species  by  generation  from  a  low  to  a 
higher  organisation,  for  animals  and  plants  of  high  organisation 
appeared  among  the  earliest  of  their  kind,  yet  throughout  the  whole 
the  gradual  approach  to  existing  and  more  perfect  forms  is  un- 
doubted, not  by  the  cou-\'ersion  of  one  species  into  another,  but  by- 
increasing  similaritj'-  of  tj^pe. 

The  Geofjrapliieal  Distribution  of  animated  beings  was  much 
more  extensive  in  the  ancient  seas  and  land  than  in  later  times.  In 
very  remote  ages  the  same  animal  inhabited  very  distant  parts  of 
the  sea  ;  the  corallines  built  from  the  equator  to  within  10  or  15 
degrees  of  the  poles ;  and  previous  to  the  formation  of  the  carboni- 
ferous strata  there  appears  to  have  been  even  a  greater  luiiformity 
in  the  vegetable  than  in  the  animal  world,  though  Australia  had 
formed  even  then  a  peculiar  district,  supposing  the  coal  in  that 
•country  to  be  of  the  same  age  as  in  Europe  and  America  ;  but  as 
the  strata  became  more  varied,  species  were  less  widely  difixised. 
Some  of  the  sam-ians  were  inhabitants  of  both  the  Old  and  New 
"Worlds,  while  others  lived  in  the  latter  only.  During  the  Tertiary 
period  the  animals  of  Australia  and  America  differed  nearly  as 
much  from  those  of  Europe,  as  they  do  at  the  present  day.  The 
globe  was  then,  as  it  is  now,  divided  into  great  physical  regions, 
■each  inhabited  by  peculiar  races  of  animals ;  and  even  the  difierent 
species  of  moUusca  of  the  same  sea  were  confined  to  certain  localities. 
Of  more  than  400  species  of  the  latter  which  inhabited  the  Atlantic 
■Ocean  during  the  early  and  middle  parts  of  the  Tertiary  period, 
little  more  than  a  fortieth  part  were  common  to  the  American  and 
European  coasts.  In  fact,  the  divisions  of  the  animal  and  vegetable 
creation  into  geographical  districts  had  been  in  the  latter  periods 
■contemporaneous  with  the  rise  of  the  laud,  each  portion  of  which, 
as  it  rose  above  the  deep,  had  been  clothed  with  a  vegetation  and 
peopled  with  creatures  suited  to  its  position  with  regard  to  the 
equator,  and  to  the  existing  circumstances  of  the  globe ;  and  the 
marine  creatm'es  had,  no  doubt,  been  divided  into  districts  at  the 
same  periods,  because  the  bed  of  the  ocean  had  been  subject  to 
similar  changes. 

The  quantity  oi  Fossil  Jtemains  is  so  great  that,  with  the  excep- 
tion of  the  metals  and  some  of  the  primary  roclcs,  probably  not  a 
particle  of  matter  exists  on  the  surface  of  the  earth  that  has  not  at 
some  time  formed  part  of  a  living  creature.    Since  the  commence- 
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meut  of  animated  existence,  zooplij'tes  liave  built  coral  reefs  extend- 
ing hundreds  of  miles,  and  mountains  of  limestone  are  full  of  their 
remains  all  over  the  glohe.  Mines  of  shells  are  worked  in  some 
countries  to  make  lime ;  ranges  of  hills  and  rocks,  many  hundred 
feet  thick,  are  almost  entirely  composed  of  them,  and  they  abound 
in  every  mountain  chain  throughout  the  earth.  The  prodigious 
quantity  of  microscopic  shells  discovered  by  M.'Ehrenherg  is  still 
more  astonishing ;  some  not  larger  than  a  grain  of  sand  form  plains 
at  the  bottom  of  the  ocean  and  entire  mountains  above  its  surface  ; 
a  gi'eat  portion  of  the  hills  of  San  Oasciano,  and  of  other  Tertiary 
districts  in  Tuscany,  consist  of  chambered  shells  so  minute  that 
Soldani  collected  10,454  from  one  ounce  of  stone.  Chalk  is  oftea 
almost  entirely  composed  of  them. 

The  facility  with  which  many  clays  and  slates  are  split  is  owing,, 
in  some  instances,  to  layers  of  minute  shells.  Fossil  fishes  ar& 
fomid  in  all  parts  of  the  world,  and  in  all  the  fossiliferous  strata 
with  the  exception  of  some  of  the  lowest,  but  each  great  geological 
period  has  species  peculiar  to  itself. 

The  remains  of  the  great  Saurians  are  countless ;  those  of  ex- 
tinct quadrupeds  are  very  numerous  ;  but  there  is  no  circumstance 
in  the  whole  science  of  PalfEontology  more  remarkable  than  the 
multitudes  of  fossil  elephants  that  are  found  in  Siberia.  Their 
tusks  have  been  an  object  of  traffic  in  ivory  for  centuries,  and  in 
some  places  they  have  lain  in  such  prodigious  quantities  that  the 
gromid  is  tainted  with  the  smell  of  animal  matter.  Their  huge 
skeletons  are  foimd  from  the  frontier  of  Europe  through  all  N. 
Asia  to  its  extreme  E.  point,  and  from  the  foot  of  the  Altai 
Moimtains  to  the  shores  of  the  Frozen  Ocean,  a  surface  equal  in 
extent  to  the  whole  of  Europe.  Some  islands  in  the  Arctic  Sea, 
as,  for  instance,  the  Lachow  group,  are  chiefly  composed  of  their 
remains,  mixed  with  the  bones  of  varioiis  other  animals  of  extinct 
species.^ 

Equally  wonderful  is  the  quantity  of  fossil  jjlcmts  that  still 
remain,  if  it  be  considered  that,  from  the  frail  nature  of  many 
vegetable  substances,  multitudes  must  have  perished  without  leaving 
a  trace  behind.  The  vegetation  that  covered  the  terrestrial  part 
of  the  globe  previous,  to  the  formation  of  the  carboniferous  strata 
far  surpassed  in  exuberance  the  rankest  tropical  jungles  at  the 
present  day.  There  are  many  coalfields  of  great  extent  in  various 
parts  of  the  earth,  especially  in  North  America,  where  that  of 
Pittsbm-g  occupies  an  area  of  about  14,000  sq.  m.,  and  that 
in  the  state  of  Illinois  is  not  much  inferior  to  the  area  of  all 
England. 


Lieut.  Anjou's  '  Polar  Voyage.' 
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As  coal  is  entirely  a  vegetable  substance,  some  idea  may  be 
formed  of  tbe  richness  of  the  ancient  flora ;  in  later  times  it  was 
less  exuberant,  and  never  has  again  been  so  luxm-iant,  probably  on 
account  of  the  decrease  of  temperature  during  tlie  deposition  of  tlie 
Tertiary  strata,  and  in  the  glacial  period  which  immediately  pre- 
ceded the  creation  of  the  present  tribes  of  plants  and  animals. 
Even  after  their  introduction  the  temperature  must  have  been  very- 
low,  but  by  subsequent  changes  in  the  distribution  of  the  sea  and 
land  the  cold  was  gradually  mitigated,  till  at  last  the  climate  of 
the  N.  hemisphere  became  what  it  now  is. 

Of  late  years,  well  authenticated  discoveries  have  given  every 
Teason  to  believe  that  a  race  of  mankind  peopled  various  parts  of 
Europe  during  the  post-pliocene  period,  and  were  coexistent  with 
the  animals  of  that  remote  geological  era.  In  the  year  1847 
M.  Boucher  de  Perthes  published  an  account  of  flint  weapons, 
evidently  the  work  of  man,  that  he  had  found  mixed  with  the 
bones  of  extinct  quadrupeds  in  an  excavation  near  Abbeville  in 
Erance,  a  circumstance  that  remained  unnoticed  till  subsequent 
■discoveries  tm-ned  the  attention  of  geologists  to  the  subject.  In 
1858  Dr.  Falconer  found  implements  of  human  workmanship  mixed 
•with  the  bones  of  extinct  species  of  quadrupeds  in  a  cavern  at 
Brixham  in  Devonshire ;  and  during  the  year  1859  a  number  of 
flint  hatchets  mingled  with  the  bones  of  extinct  animals  were  dug 
Tip  by  geologists  in  a  post-pliocene  deposit  that  never  had  been 
■distm-bed  at  St.  Acheul  near  Amiens,  and  also  at  Abbe\'iUe.  Since 
then  numerous  other  discoveries  have  been  made  of  unpolished  stone 
implements,  buried  in  ancient  river  gravels,  and  in  the  mud  and 
stalaomite  of  caves,  and  associated  with  remains  of  the  mammoth, 
the  woolly  haired  rhinoceros,  the  hippopotamus,  the  musk  ox,  and 
many  other  quadrupeds  of  extinct  and  living  species.  The  river 
oi-avels  in  which  these  rude  implements  are  foimd  embedded  now 
lie  in  some  places  at  a  height  of  100  or  even  200  ft.  above  the 
present  aUuvial  plains  ;  their  antiquity  must  be  measured  therefore 
by  the  time  reouired  for  the  existing  rivers  to  have  scooped  out 
their  valleys  to  this  depth,  since  they  were  entombed.  StiU  more 
wonderfulis  the  discovery,  since  1864,  of  these  so-called  Pahneolithic 
implements  in  masses  of  di-ift,  capping  the  Tertiary  strata  of  the 
soivthern  coast  of  Hampshire  and  the  opposite  eastern  side  of  the 
Isle  of  Wioht.  Flint  tools,  exactly  resembling  those  of  Abbeville 
and  St  Acheul,  have  here  been  found  in  situations  which  show  that 
Jiot  only  certain  valleys  on  the  Hampshire  coast,  but  even  the 
<>hannel  of  the  Solent  must  have  been  scooped  out  since  man 
inhabited  the  district.  Remains  of  human  art,  in  the  ^hape  of 
mplements  made  of  stone,  bone,  and  horn,  together  with  mammoth 
tusks  on  which  rude  carvings  exist,  were  found  by  Messrs.  Laitet, 
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Christy,  and  others,  in  the  caverns  of  Dordogne  in  central  France, 
■which  have  been  decided  to  belong  to  a  more  modern  period  than 
the  flint  implements  of  the  drift.  At  this  epoch  the  reindeer 
ahomided  in  the  S.  of  France,  implying  that  a  great  change  of 
climate  has  since  taken  place,  although,  the  general  outlines  of  the 
siu'face  of  the  country  have  undergone  no  alteration. 

We  have  n.o  measure  for  such  remote  periods  of  time  ;  no  certain 
date  can  he  assigned  for  man's  creation ;  but  chrouologists  have 
•  long  come  to  the  conclusion  that  it  must  have  been  vastly  anterior 
to  the  historical  period.  From  the  age  of  Galileo  to  the  present 
day,  the  world  has  been  startled  from  time  to  time  by  the  results 
of  science  ;  but  we  may  rest  assured  that  they  never  can  be  incon- 
sistent with  the  Scriptures,  though  they  frequently  have  been  with 
om*  interpretation  of  them. 


CHAPTEE  II. 

GENERAL  VIEW  OE  THE  CONirNEIflS. 

§  1.  Birection  Of  tlie  Forces  tbat  raised  the  Continents. — 

Ai  the  end  of  the  Tertiary  period  the  earth  was  mucb  in  the 
same  state  as  it  is  at  present  with  regard  to  the  distribution  of  land 
and  water.  The  preponderance  of  land  in  the  northern  hemisphere 
indicates  a  prodigious  accumulation  of  internal  energy  imder  these 
latitudes  at  a  very  remote  geological  period.  The  forces  that  raised 
the  two  great  continents  above  the  deep,  when  viewed  on  a  wide 
scale,  must  evidently  have  acted  at  right  angles  to  one  another, 
nearly  parallel  to  the  equator  in  the  old  continent,  and  in  the 
direction  of  the  meridian  in  the  new;  yet  the  structiu-e  of  the 
opposite  coasts  of  the  Atlantic  points  to  some  connexion  between 
the  two. 

The  Mountains,  from  their  rude  and  shattered  condition,  bear 
testimony  to  repeated  violent  convulsions  similar  to  modern  earth- 
quakes;  while  the  high  Table-lands,  and  that  succession  of  terraces 
by  Avhich  the  continents  sink  down  from  their  moimtain  ranges  to 
the  plains,  to  the  ocean,  and  even  below  it,  indicate  also  that  the 
land  must  have  been  heaved  up  occasionally  by  slow  and  gentle 
pressm-e,  sucb  as  appears  now  to  begraduallv  elevating  the  coast  of 
Scandinavia  and  other  parts  of  the  earth.  "The  periods  in  which 
these  majestic  operations  were  effected  must  have  been  incalcul- 
able, since  the  dry  land  occupies  an  area  of  from  62,000  000  to 
€0,000,000  of  sq.m.  ' 
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§  2.  Proportion  of  Kand  and  Water. — The  Ocean  covers 
nearly  tlireo  iburtlis  of  the  surl'ace  of  the  globe,  hut  its  distribution 
is  very  unequal,  whether  it  be  considered  -with  regard  to  the 
northern  and  southern  hemispheres,  or  to  the  eastern  and  western. 
Independently  of  Victoria  Land  in  the  Arctic  regions,  the  extent 
of  which  is  unknown,  the  quantity  of  Land  in  the  N.  hemi- 
sphere is  three  times  greater  than  that  in  the  southern.  In 
the  latter  it  occupies  only  one  sixteenth  of  the  space  between 
the  Antarctic  circle  and  the  13th  parallel  of  S.  lat.,  while  be- 
tween the  corresponding  parallels  in  the  N.  hemisphere  the 
extent  of  land  and  water  is  nearly  equal.  If  the  globe  be 
divided  into  two  hemispheres,  so  that  the  centre  of  one  shall  be 
a  point  midway  between  Pembroke  and  Wexford,  in  St.  George's 
Channel,  it  will  be  found  that  one  hemisphere  contains  as  much 
land  as  water,  while  in  the  other  the  sea  exceeds  the  land  in 
the  proportion  of  nearly  8  to  1.  In  consequence  of  this  unequal 
arrangement  of  the  solid  and  liquid  portions  of  the  surface  of  the 
earth,  England  is  nearly  in  the  centre  of  the  greatest  mass  of  land,, 
and  New  Zealand,  its  antipodes,  is  in  the  centre  of  the  greatest 
mass  of  water.  In  fact,  only  one  thirteenth  of  the  land  has  land 
directly  opposite  to  it  in  the  opposite  hemisphere,  and  under  the 
equator  five  sixths  of  the  circumference  of  the  globe  is  water.  '  But 
there  is  still  an  imexplored  region  within  the  Antarctic  circle  more 
than  twice  the  size  of  Europe ;  and  although  there  is  recison  to 
beUeve  that  the  North  Polar  basin  is  an  open  sea,  it  has  not  been 
navip-ated.  With  regard  to  the  land  alone,  the  old  continent  has  an 
area"of  about  32,000,000  sq.  m.,  wHle  the  extent  of  America  is 
15,000,000,  and  that  of  Australia  with  its  islands  scarcely  3,000,000.. 
Africa  is  more  than  3  times  the  size  of  Europe,  and  Asia  is  more 
than  4  times  as  large.  The  extent  of  the  continents  is  23  times 
greater  than  that  of  all  the  islands  taken  together. 

The  N.  polar  lands  are  now  well  Lniown  to  a  high  latitude.. 
Greenland,  the  domain  of  perpetual  snow,  is  an  immense  island, 
or  group  of  islands,  compacted  together  by  ice,  so  as  to  resemble 
one° continuous  mass  of  land;  and  the  discoveiy,  by  Boss,  of  an 
extensive  mass  of  high  volcanic  land  near  the  south  pole  is  an  im- 
portant event  in  the  history  of  physical  science,  though  the  severity 
of  the  climate  renders  it  imfit  for  the  abode  of  anunated  beings,  or 
even  for  the  support  of  vegetable  life.  It  seems  to  form  a  counter- 
poise to  the  preponderance  of  dry  land  in  the  northern  hemisphere. 
There  is  something  sublime  in  the  contemplation  of  these  lofty  and 
unapproachable  regions-the  awful  realni  of  evei-dm-ing  ice  and 
perpetual  fire,  whose  year  consists  of  one  day  and  one  night.  The 
stran-eand  terrible  symmetry  in  the  nature  of  the  lands  withm 
the  polar  circles,  whose  limits  are  to  us  a  blank,  where  the  antagonist 
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principles  of  cold  and  lieat  meet  in  their  utmost  intensity,  fills  the 
mind  with  that  awe  which  arises  from  the  idea  of  the  unknown 
and  the  indefinite. 

The  tendency  of  the  land  to  assume  a  peninsular  form  is  very 
remarkable,  and  "it  is  still  more  so  that  ahnost  all  the  peninsulas 
trend  to  the  south — circumstances  that  depend  on  some  imknowu 
cause  which  seems  to  have  acted  very  extensively.  The  continents 
of  South  America,  Africa,  and  Greenland  are  peninsulas  on  a 
gigantic  scale,  all  directed  to  the  south ;  the  peninsula  of  India, 
the  Indo-Ohinese  peninsula,  those  of  Korea,  Kamstchatka,  Florida, 
California,  and  Aliaska,  in  North  America,  as  well  as  the 
Eiu-opean  peninsulas  of  Norway  and  Sweden,  Spain  and  Portugal, 
Italy,  and  Greece,  observe  the  same  direction.  All  the  latter  have 
a  rounded  form  except  Italy,  whereas  most  of  the  others  terminate 
sharply,  especially  the  continents  of  South  America  and  Africa, 
India  and  Greenland,  which  have  the  pointed  form  of  wedges ; 
while  some  are  long  and  narrow,  as  California,  Aliaska,  and 
Malacca,  Many  of  the  peninsidas  have  an  island,  or  gToup  of 
islands,  near  their  extremity;  as  South  America,  which  is  terminated 
by  the  group  of  Tierra  del  Fuego ;  India  has  Ceylon ;  Malacca  has 
Sumatra  and  Banca ;  the  southern  extremity  of  Australia  ends  in 
Tasmania  or  Van  Diemeu's  Land ;  a  chain  of  islands  nms  from 
the  end  of  the  peninsula  of  Aliaska  ;  Greenland  has  a  group  of 
islands  at  its  extremity ;  and  Sicily  lies  close  to  the  southern 
termination  of  Italy,  It  has  been  observed,  as  another  peculiarity 
in  the  structure  of  peninsulas,  that  they  generally  terminate  boldly 
in  blufl's,  promontories,  or  mountains,  which  are  often  the  last  por- 
tions of  the  continental  chains.  South  America  terminates  in 
Cape  Horn,  a  high  promontory,  which  is  the  visible  termination 
of  the  Andes  ;  Africa,  in  the  Cape  of  Good  Hope  ;  India,  in  Cape 
Comorin,  the  last  of  the  Ghats  ;  Australia  ends  in  South  East  Cape, 
in  Tasmania;  and  Greenland's  extreme  southern  point  is  the 
elevated  bluff  of  Cape  Farewell.^ 

There  is  a  strong  analogy  between  South  America  and  Africa 
in  form  and  in  the  unbroken  masses  which  their  surfaces  present, 
while  N.  America  resembles  Europe  in  being  mitch  indented  by 
inland  seas,  gidfs,  and  bays.  Eastern  Asia  is  evidently  continued 
in  a  sub-aqueous  continent  from  the  Indian  Ocean  across  the  Pacific 
nearly  to  the  W.  coast  of  America,  of  which  Australia,  the  Indian 
Archipelago,  the  islands  of  the  Asi8,tic  coast  and  of  Oceania,  are 
the  great  table-lands  and  summits  of  its  mountain  chains.  With 


^  This  very  general  view  of  the  structure  of  the  globe  originated  chiefl}- 
"with  the  celebrated  German  geologist  Von  Buch,  and  has  been  much  ex- 
tended and  developed  by  M.  Elie  de  Beaumont. 
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tlie  exception  of  a  vast  peninsula  in  Siberia  between  the  mouths  of 
the  rivers  Yenisei  and  Khatanga,  a.nd  the  unknown  regions  of 
Greenland,  the  two  great  continents  terminate  in  a  very  broken 
line  to  the  north ;  and  as  they  sink  beneath  the  Icy  Ocean,  the  tops 
of  their  high  lands  and  mountains  rise  above  the  waves,  and  stud 
the  coast  with  innumerable  snow-clad  roclis  and  islands.  The 
70th  parallel  is  the  average  latitude  of  these  northern  sliores,  which 
have  a  great  similarity  on  each  side  of  Behring  Strait  in  fonii, 
direction,  and  in  the  adjacent  islands. 

§  3.  Coasts,  their  extent,  and  the  proportion  tliey  bear 
to  the  areas  of  the  Continents. — The  peninsular  form  of  the 
continents  adds  greatly  to  the  extent  of  their  coasts,  which  are  of 
such  importance  to  civilisation  and  commerce.  All  the  shores  of 
Europe,  are  deeply  indented  and  penetrated  by  the  Atlantic  Ocean, 
which  has  formed  a  number  of  inland  seas  of  great  magnitude,  so 
that  it  has  a  greater  line  of  maritime  coast,  compared  with  its  size, 
than  any  other  quarter  of  the  world.  The  extent  of  coast  from 
the  Strait  of  Waigatz,  in  the  Polar  Ocean,  to  the  Strait  of  Y'enikal6, 
at  the  entrance  of  the  Sea  of  Azof,  is  about  26,700' m.  The  coast 
of  Asia  has  been  much  worn  by  currents,  and  possibly  also  by  the 
action  of  the  ocean  occasioned  by  the  rotation  of  the  earth  from 
W.  to  E.  On  the  S.  and  E.  especially  it  is  indented  by  large  seas, 
bays,  and  gidfs ;  and  tlie  eastern  shores  are  rugged  and  encom- 
passed by  chains  of  islands  which  render  navigation  dangerous. 
Its  maritime  coast  is  about  36,000  m.  in  extent. 

The  coast  of  Africa,  12,560  m.  long,  is  very  little  broken, 
except,  perhaps,  at  the  Gulf  of  Guinea  and  in  the  Mediterranean. 
The  shores  of  North  America  have  probably  been  much  altered  by 
the  Equatorial  Om-rent  and  the  Gulf  Stream.    It  is  probable  that 
these  cm-rents,  combined  with  volcanic  action,  have  hollowed  out 
the  Gulf  of  Mexico,  and  separated  the  Antilles,  and  the  Bahama 
Islands  from  the  continent.    The  W,  coast  of  North  America  is 
less  broken,  but  on  the  Icy  Ocean  the  coast  consists  of  a  labyimth 
of  gulfs,  bays,  and  creeks.    The  shores  of  South  America  on  both 
sides  are  very  entire,  except  towards  Southern  Chile  and  Oape 
Horn,  where  the  tremendous  surge  and  the  currents  of  the  Ocean 
in  those  hiijh  latitudes  have  eaten  into  the  land,  and  produced 
endless  sounds  and  fjords  which  run  far  into  the  interior.^  The 
whole  continent  of  America  has  a  sea  coast  of  36,000  m.  m  ex- 
tent   Thus  it  appears  that  the  number  of  sq.  ra,  of  area  to  1  m, 
of  coast  line  is  143  for  Em-ope,  469  for  Asia,  895  for  Africa  and 
350  for  America.   Hence  the  proportion  is  most  favom-able  to 
Europe,  with  regard  to  civilisation  and  commerce:  Amenca  comes 
next,  then  Asia,  and  last  of 'aU  Africa,  which  has  every  natmal 
obstacle  to  contend  with,  from  the  extent  and  natm-e  of  its  coasts, 
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tlie  desert  cliaracter  of  mucli  of  the  interior  of  tlie  continent, 
and  the  insalubrity  of  its  climate,  on  the  Atlantic  coast  at  least. 

§  4.  Elevation  of  the  Continents. — The  continents  had  heen 
raised  from  the  deep  by  a  powerful  effort  of  the  internal  forces 
•acting  under  widely  extended  regions ;  and  the  stratified  crust  of 
the  earth  either  remained  level,  rose  in  undulations,  or  sank  into 
cavities,  according  to  its  intensity.  Some  thinner  portions  of  the 
earth's  sm-face,  giving  way  to  the  internal  forces,  had  been  rent 
into  deep  fissures ;  and  the  mountain  masses  had  been  raised  by 
violent  concussions,  perceptible  in  the  convidsed  state  of  their 
strata.  The  centres  of  maximum  energy  are  marked  by  the 
plutonic  rocks,^  which  generally  form  the  nucleus  or  axis  of  the 
mountain  masses,  on  whose  flanks  the  stratified  rocks  are  tilted  at 
all  angles  to  the  horizon,  whence,  declining  on  every  side,  they 
sink  to  various  depths,  or  sti'etch  to  various  distances  in  the  plains. 
Enormous  as  the  mountain  chains  and  table-lands  are,  and  prodi- 
:gious  as  the  forces  that  elevated  them,  they  bear  a  very  small 
proportion  to  the  mass  of  the  level  continents  and  to  the  vast 
power  which  raised  them  even  to  their  inferior  altitude.  Both 
the  high  and  the  low  lands  have  been  elevated  at  successive  periods  ; 
some  of  the  very  highest  mountain  chains  are  of  but  recent  geolo- 
gical date ;  and  some  chains  that  are  now  far  inland  once  stood 
up  as  islands  above  the  ocean,  while  marine  strata  filled  their 
cavities  and  formed  around  their  bases. 

§  5.  Forms  of  IMiountains  ;  direction  of  their  Chains. — 
Notwithstanding  the  various  circimastances  of  their  elevation,  there 
is  everywhere  a  certain  regularity  of  form  in  momitain  masses, 
however  unsymmetrical  they  may  appear  at  first  sight;  and  rocks 
of  the  same  kind  have  identical  characters  in  every  quarter  of  the 
globe.  Plants  and  animals  vary  with  climate ;  but  a  granite  moun- 
tain has  the  same  peculiarities  in  the  southern  as  in  the  northern 
hemisphere,  at  the  equator  as  near  the  poles.  Insulated  mountains 
are  rare,  and  are  commonly  of  volcanic  origin.  Mountains  o-ene- 
rally  appear  in  groups  intersected  in  every  dii'ection  by  valleys^  and 
more  frequently  in  extensive  chains  symmetrically  arranged  in  a 
series  of  parallel  ridges,  separated  by  narrow  longitudinaf  valleys, 
the  highest  and  most  rugged  of  which  occupy  the  centre ;  when  the 
chain  is  broad,  and  of  the  fii-st  order  in  point  of  magnitude,  peak 
after  peak  rises  in  endless  succession.  The  lateral  ridges  and 
valleys  are  constantly  of  less  elevation,  and  are  less  bold  in  pro- 
portion to  their  distance  from  the  central  mass,  till  at  last  the  most 
remote  ridges  sink  down  into  gentle  undulations.    Extensive  and 


^  Plutonic  rocks  are  granite  and  others  which  owe  their  origin  to  fire 
or  Igneous  action. 
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lofty  "branches  diverge  from  the  principal  chains  at  vaiious  angles, 
and  stretch  far  into  the  plains.  They  are  often  as  high  as  the 
chains  from  which  they  spring,  and  it  happens  not  unfrequently 
that  these  branches  are  united  by  transverse  ridges,  so  that-  the 
country  is  often  widely  covered  by  a  network  of  mountains  ;  and 
at  the  point  where  these  ofisets  diverge  there  is  frequently  a  knot 
of  mountains  spreading  over  hundreds  of  square  miles. 

One  side  of  a  mountain  range  is  usually  more  precipitous  than 
the  other,  but  there  is  nothing  in  which  the  imagination  misleads 
the  judgment  more  than  in  estimating  the  steepness  of  a  declivity. 
In  the  whole  range  of  the  Alps  there  is  not  a  single  rock  which  has 
IGOO  ft.  of  perpendicular  height,  or  a  vertical  slope  of  90°.  The 
declivity  of  Mont  Blanc  towards  the  Allee  Blanche,  precipitous 
as  it  appears  to  be,  does  not  amount  to  45° ;  and  the  mean  inclina- 
tion of  the  Peak  of  TenerifFe,  according  to  Humboldt,  is  only 
12°  30'.  The  Silla  of  Caracas,  which  rises  precipitously  from  the 
Caribbean  Sea,  at  an  angle  of  53°  28',  to  the  height  of  between 
6000  and  7000  ft.,  is  a  luajestic  instance  of,  perhaps,  the  nearest 
approach  to  verticality  of  any  great  height  yet  known. 

The  cii'cumstauces  of  elevation  are  not  the  only  causes  of  that 
variety  observed  in  the  summits  of  mountains.  A  difference  in 
the  composition  and  internal  structure  of  a  rock  has  a  great  in- 
fluence upon  its  general  form,  and  on  the  degree  and  manner  in 
which  it  is  worn  by  the  weather.  Thus  dolomite  assumes  gene- 
rally the  form  of  high,  abrupt,  and  insulated  peaks  ;  ciystalline 
schists  and  gneiss  assume  the  form  of  needles,  as  in  the  Alps; 
slates  and  quartziferous  schists  take  the  form  of  ti-iangular 
pyramids  ;  calcareous  rocks  a  rounded  form,  or  that  of  table-lands 
with  abrupt  declivities ;  serpentine  and  trachyte  are  often  of  a 
dome  form ;  2>lwnolites '  assume  a  pyramidal  one ;  dark  walls,  like 
those  in  Greenland,  and  of  some  of  our  Western  Islands  of  Scot- 
land, are  of  trap  and  basalt ;  and  volcanoes  are  indicated  by  bhmt 
cones  and  craters.  Thus  the  mountain  peaks  often  indicate  by 
their  form  their  geological  structure. 

^  6.  Connection  between  the  Physical  Geography  of 
Countries  and  their  Geologrical  Structure  ;  analogies  of  the 
form  andcontourof  Countries.— Viewing  things  on  abroad  scale, 
it  appears  that  there  is  also  a  very  striking  connection  between  the 
physical  geography  or  external  aspect  of  different  countries^  and 
their  geological  structure.  By  a  minute  comparison  of  the  different 
parts  of  the  land,  M.  Boue  has  shown  that  similarity  of  outward 


1  Fhonnlite  (Gr.  *cov7j  =  'sound,'  and  A»os  =  'a  stone'),  a  species 
compact  homogeneous  felspatliic  rock,  sonorous  when  struck :  caUed  f 
♦  clinkstone.' 
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forms,  vrbile  iudicating-  similarity  in  the  producing  causes,  must 
also  to  a  large  extent  indicate  identity  of  structiu'e  ;  and  therefore, 
from  the  external  appearance  of  an  unexplored  country,  its  geolo- 
gical uatm-e  may  he  inferred,  at  least  to  a  certain  extent.  This  he 
illusti-ates  hy  pointing  out  a  correspondence,  even  in  their  most 
minute  details,  between  the  leading  features  of  Asia  and  Eiu-ope, 
and  the  identity  of  theii'  geological  structure.  It  has  heen  justly 
observed  that,  when  the  -windiugs  of  our  continents  and  seas  are 
narrowly  examined,  and  the  more  essential  peculiarities  of  their 
coutom-s  contemplated,  it  is  evident  that  Nature  has  not  wrought 
after  an  indefinite  number  of  types  or  models,  but  that,  on  the  con- 
trary, her  fundamental  types  are  very  few,  and  derived  from  the 
action  of  definite  constructive  forces  on  a  primary  base.'  The 
whole  of  oiu'  land  and  sea,  in  fact,  may  be  decomposed  into  a  less 
or  greater  niuiiber  of  masses,  either  exhibiting  all  these  fundamental 
forms  or  merely  a  portion  of  them.  The  peninsular  structure  of 
the  continents,  with  their  accompanying  islands,  is  a  striking 
illustration  of  the  truth  of  this  remark,  and  many  more  might  be 
adduced.  It  follows,  as  a  consequence  of  that  law  in  Nature's 
■operations,  that  analogy  of  form  and  contour  throws  the  greatest 
light  on  the  constitution  of  countrieafar  removed  from  each  other. 
Even  the  picturesque  descriptions  of  a  traveller  often  aflrard  in- 
formation of  which  he  may  be  little  aware. 

§  7.  Znterruptions  in  Continents  and  nSountain  Chains  ; 
Table-lands  and  Plains. — Continents  and  mountain  chains  are 
often  interrupted  by  posterior  geological  changes,  such  as  clefts  and 
cavities  formed  by  erosion,  as  evidently  appears  from  the  corre- 
spondence of  the  strata.  The  chalk  cliffs  on  the  opposite  sides  of 
the  British  Channel  show  that  Britain  was  at  one  time  united  to 
the  continent;  the  formation  of  the  Orkneys  and  of  the  N.  of 
Ireland  are  the  same  with  that  of  the  Highlands  of  Scotland ;  so 
are  those  on  each  side  of  the  Strait  of  Gibraltar ;  that  of  Turkey  in 
Europe  passes  into  Asia  Minor,  the  Crimea  into  the  Caucasus  ;  a 
volcanic  region  bounds  the  Strait  of  Babelmandeb  on  hoth  sides, 
and  Behiing  Strait  divides  the  strata  of  a  similar  age  in  the  two 
gveat  continents.  Such  is  also  particularly  the  case  with  coast 
islands. 

Immediately  comiected  with  the  mountains  are  the  high  table- 
lands which  form  so  conspicuous  a  feature  in  the  Asiatic  and 
American  continents.  These  perpetual  storehouses  of  the  waters 
send  their  streams  to  refresh  the  plains,  and  to  afford  a  highway 
between  nations.  Table-lauds  of  less  elevation,  sinking  in  ter- 
races of  lower  and  lower  level,  constitute  the  links  between  the 


1  M.  Boue. 
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liigli  ground  and  tlie  low,  tlie  moimtaius  and  the  plains,  and  thus 
maintain  the  continuity  of  the  laud.  They  frequeUtly  are  of  the 
richest  soil,  and  enjoy  the  most  genial  climate,  affording  a  delight- 
ful and  picturesque  abode  to  man,  though  the  plains  are  hLs  prin- 
cipal dwelling.  Sloping  imperceptibly  from  the  base  of  the  inferior 
table-lands,  or  from  the  last  undulations  of  the  mountains,  to  the 
ocean,  the  plains  carry  off  the  superfluous  waters.  Fruitfulness 
and  sterility  vary  their  aspect ;  immense  tracts  of  the  richest  soil 
are  favoured  by  climate  and  hardly  require  culture  ;  a  greater  por- 
tion is  only  rendered  productive  by  hard  labour  compelling  man  to 
fulfil  his  destiny ;  while  vast  regions  are  doomed  to  perpetual 
barrenness,  being  never  gladdened  by  a  shower. 


CHAPTER  III. 

HIGH  LANDS  03?  THE  GEEAT  COIsTIKEXT. 

§  1.  rorm  of  the  Great  Continent. — The  form  of  the  great 
continent  has  been  determined  by  au  immense  zone  of  moimtains 
and  table-land,  lying  between  the  30th  and  45th  parallels  of  north 
latitude,  which  stretches  across  it  from  W.S.W.  to  E.N.E.  from  the 
coasts  of  Barbary  and  Portug-al,  on  the  Atlantic  Ocean,  to  Behring 
.Strait,  in  the  North  Pacific.  North  of  this  lies  a  vast  plain,  ex- 
tending ahnost  from  the  Pyrenees  to  the  extremity  of  Asia,  the 
greater  portion  of  which  is  a  dead  level,  or  having  low  undvdatious, 
uninterrupted  except  by  the  Scandinavian  and  British  system^  on 
the  N.,  and  the  Ural  chain,  which  is  of  inconsiderable  elevation. 
The  low  lands  S.  of  the  mountainous  zone  are  much  indented  by 
the  ocean,  and  of  the  most  diversified  aspect.  A  great  part  of  the 
fiat  country  lying  between  the  China  Sea  and  the  River  Indus  is  of 
exuberant  fertility,  while  that  between  the  Persian  Gulf  and  the 
foot  of  the  Atlas  is,  with  some  happy  exceptions,  one  of  the  most 
desolate  tracts  on  the  earth.  The  southern  lowlands,  too,  ai-e 
broken  by  a  few  moimtain  systems  of  considerable  extent  and 
height. 

§  2.  The  .atlas,  Spanish,  French,  and  German  JWoun- 
tains  —The  Atlas  and  Sixmish  mountaim  form  the  Avestern  ex- 
tremity of  that  great  zone  of  high  land  that  girds  the  old  continent 
almost  throughout  its  extent :  these  two  mountain  systems  were  at 
one  time  united,  and  from  their  geological  structure,  and  also  the 
parallelism  of  their  chains,  they  must  have  been  elevated  by  forces 
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acting  in  the  same  direction ;  tlie  Strait  of  Gibraltar,  a  sea-filled 
chasm  nearly  500  fathoms  deep,  now  divides  them.^ 

A  very  elevated  and  continuous  mountain  region  extends  in  a 
l)road  belt  along  the  N.W.  of  Africa,  from  the  promontory  of  Ghir, 
oil  the  Atlantic,  to  the  Gulf  of  Sidra,  on  the  Mediterranean, 
embracing  all  the  high  land  of  Morocco,  Algiers,  and  Tunis.  It  is 
bounded  by  the  Atlantic  and  Mediterranean,  and  insulated  from  the 
rest  of  Africa  by  the  desert  of  Sahara. 

This  mountain  system  consists  of  three  parts.  The  chain  of 
the  Greater  Atlas,  which  is  farthest  inland,  extends  from  Cape 
Ghii-,  on  the  Atlantic,  to  the  Lesser  Syrtis;  and,  in  Morocco, 
forms  a  group  of  mountains  15,000  ft.  high,  covered  with  perpetual 

snow.  . 

The  Lesser  Atlas  begins  at  Oape,Spartel  (the  ancient  Oape 
Cotes)  opposite  to  Gibraltar,  and  runs  parallel  to  the  coast  of  the 
Mediterranean  till  it  reaches  the  Gharian  range  in  Tripoli,  the  last 
and  lowest  of  the  Little  Atlas,  which  runs  in  an  easterly  direction, 
diminishing  gradually  in  height  till  it  is  lost  in  the  plain  of  the 
Great  Syrtis.  That  long,  rugged,  but  lower  chain  of  parallel  ridges 
and  groups  which  forms  the  bold  coasts  of  the  Strait  of  Gibraltar 
and  the  Mediterranean,  is  only  a  portion  of  the  Lesser  Atlas, 
which,  covered  with  snow,  rises  above  it  majestically.  The  flanks 
of  the  moimtaius  are  generally  clothed  with  forests,  but  their 
siunmit  is  one  uninterrupted  line  of  bare  inaccessible  rocks,  and  they 
are  rent  by  fissures  frequently  not  more  than  a  few  feet  wide — a 
peculiar  feature  of  the  whole  system. 

The  Middle  Atlas,  lying  between  the  two  great  chains,  consists 
of  a  table-land,  rich  in  valleys  and  rivers,  which  rises  in  successive 
terraces  to  the  foot  of  the  Greater  Atlas,  separated  by  ridges  of  hills 
parallel  to  it.  This  v^ide  and  extensive  region  has  a  delightful 
climate,  and  abounds  in  magnificent  forests  and  valleys  full  of 
vitality.  The  Greater  Atlas  is  calcareous  in  its  central  portion,  and 
composed  of  granite  and  schistose  rocks  near  the  sea  coast. 

The  Spanish  imninsula  consists  chiefly  of  a  table-laud  traversed 
by  parallel  ranges  of  mountains,  and  is  siuTounded  by  the  sea, 
except  Avhere  it  is  separated  from  France  \)j  the  Pyrenees,  which 
extend  from  the  Mediterranean  to  the  Bay  of  Biscay,  and  are  con- 
tinued by  the  Cantabrian  chaiu  to  Cape  Finisterre  on  the  Atlantic. 

The  Pyrcnean  chain  is  of  moderate  height  at  its  extremities, 
but  its  summit  maintains  a  waving  lino  whose  mean  altitude  is 
8000  ft. ;  it  rises  to  a  greater  height  on  the  E. ;  its  highest  point  is 
Pic  Nethou  (11,168  ft.).  The  snow  lies  deep  on  these  mountains 
during  the  greater  part  of  the  year,  and  is  perpetual  on  the  highest 
parts  ;  but  the  glaciers,  Avhich  are  chiefly  on  the  northern  side,  are 
neither  so  numerous  nor  so  extensive  as  those  of  the  Alps. 
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The  greatest  iDreadtli  of  this  range  is  about  GO  m.,  and  its 
length  270.  It  is  so  steep  on  the  French  side,  so  rugged,  and 
so  notched,  that  from,  the  plains  below  its  summits  look  like  the 
teeth  of  a  saw,  whence  the  term  Sierra  has  been  appropriated  to 
mountains  of  this  form.  On  the  Spanish  side,  gigantic  sloping 
spm's  or  oti'ssts,  separated  by  deep  valleys,  extend  to  the  banks  of 
the  Ebro. 

The  interior  of  Spain  is  a  table-land  with  an  area  of  93,000 
sq.  m.,  nearly  equal  to  half  of  the  peninsula.  It  dips  to  the  Atlantic 
from  its  western  side,  where  its  altitude  is  about  2300  ft.  There 
it  is  bounded  by  the  Iberian  mountains,  which  begin  at  the  W. 
extremity  of  the  Pyrenees,  and  run  in  a  tortuous  direction  S.E. 
tlirough  all  the  kingdom,  constituting  the  E.  boundary  of  Castile 
and  Murcia,  and  sending  manj  branches  through  those  provinces 
to  the  ^Mediterranean :  its  most  elevated  portion  is  the  Sierra  de 
Moncayo  between  Oalatayud  and  Tarazona,  W.  of  Saragossa. 

The  Cantahrian  chain  attains  its  greatest  height  in  the  Pena  de 
Peiiarauda  (10,910  ft.),  where  it  is  composed  of  rugged  peaks  of 
carboniferous  limestone. 

Fom-  nearly  parallel  ranges  of  mountains  originate  in  this  limit- 
ing chain,  running  from  E.N.E.  to  W.S.W.  diagonal!}^  across  the 
peninsula  to  the  Atlantic.  Of  these  the  high  chain  of  the  Guada- 
rama  and  the  Sierra  de  Toledo  cross  the  table-land ;  the  W.  con- 
tinuation of  the  former,  the  Sierra  dQ  los  Gredos,  contains  the 
Peak  of  Almauzor,  after  the  peaks  Mulahajen  and  Nethou,  the 
highest  in  Spain ;  the  Sierra  Morena,  so  called  from  the  dark 
colom-  of  its  forests  on  the  southern  edge  ;  and  lastly,  the  Sierra 
Nevada,  which  though  only  100  m.  long  and  60  broad,  is  the 
finest  range  of  mountains  in  Europe  after  the  Alps  and  Pyrenees, 
and  traverses  the  plains  of  Andalusia  and  Grenada.  The  table- 
laud  is  monotonous  and  bare  of  trees ;  the  plains  of  Old  Castile 
are  as  naked  as  the  Steppes  of  Siberia :  the  eastern  part  is  com- 
posed of  a  bare  diluvial  soil,  and  uncultivated,  except  in  the 
valleys  of  denudation  and  along  the  banks  of  the  rivers.  Corn 
and  wine  are  produced  in  abundance  on  the  widely  extended 
plains  of  New  Castile  and  Estremadura :  other  places  serve  for 
pasture.  The  table-land  becomes  more  fertile  as  it  approaches 
towards  Portugal,  which  is  altogether  more  productive  thau 
3pain,  though  the  maritime  provinces  of  the  latter  on  the 
Mediterranean  are  beautifully  luxuriant,  with  a  semi-tropical 
vegetation. 

Granite  and  Palasozoic  rocks  prevail  chiefly  in  the  Spanish 
mountains,  and  give  them  their  peculiar,  bold,  serrated  aspect; 
whilst  secondary  and  even  tertiary  rocks  abound  in  the  less  ele- 
vated ranges,  often  rising  to  a  A'ery  considerable  elevation.  Some 
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of  the  vaUevs  aud  extensive  table-lauds  between  tlie  paraUel  ranges, 
tbvougli  which  the  great  Spanish  rivers  flow  to  the  Atlantic,  appear 
to  have  been  at  one  tune,  the  basins  of  lakes.^ 

The  mass  of  high  land  is  continued  through  the  S.  of  Prance, 
at  a  much  lower  elevation,  by  chains  of  hills  and  table-lands,,  the 
most  remarkable  of  which  are  the  Montagues  Noires,  and  the  great 
plateau  of  Auvergue,  once  the  theatre  of  violent  volcanic  action, 
which  continued  from  the  beginning  to  the  middle  of  the  Tertiary 
period,  presenting  very  perfect  cones  and  craters  :  some  of  the 
highest,  as  the  Puy  de  Dome,  are  trachytic  domes.  The  trachytic 
group  of  Mont  Core,  with  its  summit,  the  Puy  de  Saucy  (6,188  ft.), 
includes  an  immense  crater  of  elevation.^  The  Oevennes  are  less 
elevated :  their  eastern  offisets  reach  the  right  bank  of  the  Ehone 
in  the  group  of  the  Vivarais.  In  fact  these  French  mountains  are 
the  Hnk  between  the  more  elevated  masses  of  Western  and  Eastern 
Em'ope. 

The  eastern  and  highest  part  of  the  European  portion  of  the 
mountain  zone  begins  to  rise  above  the  low  lands  abou  ;tthe 
62nd  parallel  of  N.  latitude,  ascending  by  terraces,  groups  and 
chains  of  mountains,  through  G  or  7  degrees  of  latitude,  till 
it  reaches  its  loftiest  point  in  the  great  range  of  the  Alps  and 
Balkan.  The  descent  ou  the  S.  side  of  this  lofty  mass  is  much 
more  rapid  and  abrupt,  and  the  immediate  offsets  from  the  Alps 
shorter;  but,  taking  a  very  general  view,  the  Apennines  and 
mountains  of  Northern  Sicily,  those  of  Greece  and  the  southern  part 
of  Turkey  in  Europe,  with  those  of  all  the  islands  of  the  adjacent 
coasts,  are  but  outlying  members  of  the  general  protuberance. 

The  chains  of  the  Hyrcanian,  Sudetes,  and  Carpathian  moun- 
tains, form  the  northern  boundary  of  these  high  lands  ;  the  first, 
consisting  of  3  parallel  ridges,  extends  from  the  right  bank  of  the 
Rhine  to  the  centre  of  Germanj^,  about  51°  or  52°  of  N.  lat.,  with 
a  mean  breadth  of  about  100  m.,  and  terminates  in  the- knot  of 
the  Fichtelgebirge,  on  the  confines  of  Bavaria  and  Bohemia,  cover- 
ing an  area  of  9000  sq.  m.  The  Sudetes  begin  ou  the  E.  of  this 
group,  and  after  a  circuit  of  300  m.  round  Bohemia,  terminate  at 


^  The  physical  geography  and  geology  of  Spain  have  received  great  ad- 
ditions of  late  years  from  the  researches  of  M.  E.  de  Verneuil,  who  has 
determined  barometrically  the  elevation  of  many  of  the  most  remarkable 
points,  at  the  same  time  that  he  has  illustrated  the  geology  of  nearly  the 
■jvhole  Peninsula  in  a  most  masterly  manner. 

-  A  crater  of  elevation  is  a  mountain,  gcnerallj-  of  a  conical  shape,  whose 
top  lias  sunk  into  a  crater  or  hollow,  after  the  internal  force  which  raised 
it  was  withdrawn,  but  from  which  no  lava  had  issued.  Dome  shaped 
mountains  owe  their  form  to  internal  pressure  probably  from  lava,  but  which 
have  not  again  sunk  into  a  cavity  or  crater. 
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tlie  small  elevated  plain  of  tlie  upper  Oder,  which  connects  them 
•with  the  Carpathian  mountains.  No  part  of  these  limiting  ranges- 
attains  the  height  of  5000  ft.,  except  the  Carpathians,  some  of 
which  are  very  high,  and  consist  of  mountain  groups  united  hy 
elevated  plains.  The  highest  point  is  in  the  S.E.  of  Transylvania, 
where  Mount  Butschetje  rises  to  9528  ft.  The  Lomnitzer  Spitze 
in  the  Tatra  group  is  8779  ft.  The  chief  Pass  across  these  moun- 
tains is  the  RothenthurmPass  in  the  valley  of  the  Aluta.  Spurs  de- 
cline in  undidatious  from  these  limiting  chains  towards  the  great 
northern  plain,  and  the  country  to  the  S.,  intervening  hetween  them 
and  the  Alps,  is  covered  with  an  intricate  network  of  elevations 
and  plains  of  moderate  height. 

§  3.  The  Alps,  Balkan,  and  Apennines. — The  Mghei-  Aljjs, 
which  form  the  western  crest  of  the  elevated  zone,  may  he  said  to 
commence  from  Cape  delle  Melle  in  the  Gulf  of  Genoa,  and  hend 
round  hy  the  "VV.  and  N.  to  Mont  Blanc ;  then  turning  E.N.E. 
they  run  through  the  Grisous  and  Tyrol  to  the  Great  Glockner,  in 
40°  7'  N.  lat.  and  12°  43'  E.  long.,  where  the  higher  Alps  ter- 
minate after  a  coiu-se  of  420  m.    Throughout  its  whole  extent 
this  chain  is  lofty ;  many  of  its  peaks  rise  ahove  the  line  of  perpetual 
snow ;  the  most  elevated  part  is  situated  between  the  Col  de  la 
Seigne,  on  the  western  shoulder  of  Islout  Blanc,  and  the  Simplon. 
Some  of  the  highest  mountains  in  Europe  are  comprised  within 
this  space,  not  more  than  60  m.  long,  including  Mont  Blanc,  which 
attains  an  elevation  of  15,781  ffc.    The  central  ridge  of  the  higher 
Alps  is  jagged  with  peaks,  pyramids,  and  needles  of  hare  and 
almost  perpendicular  rock,  rising  from  fields  of  perpetual  snow  and 
rivers  of  ice  to  an  elevation  of  14,000  ft.    Many  parallel  chains 
and  groups,  alike  rugged  and  snowy,  press  on  the  principal  crest, 
and  send  theii-  flanks  far  into  the  lower  grounds.  Innumerahle 
secondary  branches,  hardly  lower  than  the  main  crest,  diverge 
from  it  in  various  directions :  of  these  the  chain  of  the  Bernese 
Alps  is  the  highest  and  most  extensive.    It^ranches  off  at  the 
St.  Gothard  from  the  principal  chain,  and,  running  nearly  parallel 
to  it,  separates  the  Valais  from  the  Canton  of  Berne,  and  with  its 
ramifications  forms  one  of  the  most  remarkable  groups  of  moimtain 
scenery  in  Em-ope.    Its  endless  maze  of  sharp  ridges  and  bare 
peaks,  mixed  with  gigantic  masses  of  ptire  snow,  presents  a  scene  of 
sublime  quiet  and  repose,  unbroken  but  by  the  avalanche  and  the 

thunder.  ... 

At  the  Great  Glockner  the  chain  of  the  Alps  divides  into  two 
branches,  forming  the  None  and  Carnic  Alps:  the  former  rimnmg 
towards  Vienna,  the  latter  forming  the  continuation  of  the  prin- 
cipal stem.  Never  rising  to  the  height  of  perpetual  snow,_  it 
separates  the  Tyrol  and  Upper  Carinthia  from  Venetia,  and,  taking 
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the  name  of  tlie  JiUiau  Alps  at  Mont  Terglou,  runs  S.E.,  under 
various  names,  tiU  it  joins  tlie  Eastern  Alps,  or  Balkan,  under 
the  IStli  meridian.  Oifsets  from  this  chain  cover  all  the  neigh- 
bouring coimtries. 

It  is  difficult  to  estimate  the  breadth  of  the  Alpine  chain :  that 
of  the  higher  Alps  is  about  100  m. ;  it  increases  to  150  E.  of  .  the 
Grisons,  and  to  200  between  the  15th  and  16th  meridians,  but  is 
not  more  than  80  at  its  junction  with  the  Balkan. 

The  Stelvio  (9213  ft.)  is  the  highest  carriage  pass  in  these 
mountains.  Those  of  the  Mont  Cenis  (6772),  St.  Gothard 
(6936),  Simplon  (6595),  Splugen  (6945),  and  Ampezzo,  go- 
directly  over  the  crest  of  the  Alps.  Passes  very  rarely  go  over 
the  summit  of  a  mountain ;  they  generally  cross  a  depression  be* 
tween  higher  peaks,  ascending  by  the  valley  of  a  torrent,  and  de- 
scending by  a  similar  depression  on -the  other  side. 

The  frequent  occiurrence  of  extensive  deep  lakes  is  a  peculiar 
featm-e  in  European  mountains,  rarely  to  be  met  with  in  the  Asiatic 
system,  except  in  the  Altai  and  on  the  elevated  plains. 

With  the  exception  of  the  Jura,  the  pastoral  region  of  which  is 
about  3000  ft.  above  the  sea,  there  are  no  elevated  table-lands  in 
the  Alps  or  Em-opean  mountains ;  the  tabidar  form,  so  eminently 
characteristic  of  the  Asiatic  high  lauds,  begins  in  the  BaU^an.  The- 
Oriental  peninsula  rises  b}^  degrees  from  the  Danube  to  Bosnia  and 
Upper  Macedonia,  which  are  some  hundred  feet  above  the  sea : 
and  the  Balkan  extends  600  m.  along  this  elevated  mass,  from  th& 
continuation  of  the  Dinaric  and  Julian  Alps  to  Oape  Emineh  on 
the  BlacJv  Sea.  It  begins  by  a  table-land  70  m.  lOng,  traversed  by 
low  hills  ending,  towards  Albania  and  Myritida,  in  precipitous- 
limestone  peaks  from  6000  to  7000  ft.  high.  Eugged  mountains,, 
all  but  impassable,  succeed  to  this,  in  which  the  domes  and  needles 
of  the  Schaudach,  or  ancient  Scamus,  are  covered  with  snow  till 
Jime.  Another  table-land  follows,  Avhose  marshy  surface  is 
bounded  by  mural  precipices  at  Moimt  Arbelus,  near  the  town  of 
Sophia.  There  the  Hsemus,  or  Balkan  properly  so  called,  com- 
mences, and  runs  in  parallel  ridges  separated  by  longitudinal 
valleys  to  the  Black  Sea,  dividing  the  plains  between  the  Lower- 
Danube  and  the  Propontis  into  nearly  equal  parts.  There  are  few 
passes  in  the  central  ridge,  and  where  there  is  no  lateral  ridge  the 
precipices  descend  at  once  to  the  plains. 

The  Bulhnn  is  rent  by  terrific  fissm-es  cutting  through  the 
chains  and  table-lauds,  so  deep  and  narrow  that  daylight  is  almost 
excluded.  These  chasms  afford  the  safest  passes  for  beasts  of 
bm-then.  There  is  but  one  high  road  across  the  chain,  viz.  that 
called  Trajan's  Gate. 

The  Mediterranean  is  the  southern  boundary  of  the  elevated 
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zone  of  Eastern  Europe,  wliose  last  offsets  rise  in  rocky  islands 
along  tlie  coasts.  The  mountains  of  Sardinia  and  Corsica  may  be 
considered  as  outlying  members  of  the  Maritime  Alps,  while 
shorter  oHsets  end  in  the  plains  of  Lombardy,  enclosing  the  magni- 
licent  scenery  of  the  Italian  lakes.  Even  the  Apennines,  whoEe 
chain  has  given  its  form  to  the  peninsula  of  Italy,  are  but  secon- 
dary on  a  gTeater  scale  to  the  broad  central  band,  as  v?ell  as  the 
mountains  and  high  laud  in  the  north  of  Sicily,  which  fonn  the 
continuation  of  the  Calabrian  range. 

The  Apennines,  beginning  where  the  Maritime  Alps  terminate, 
enclose  the  Gulf  of  Genoa,  and  run  through  the  centre  of  Italy  to 
the  middle  of  Calabria,  where  they  split  into  two  branches,  one  of 
which  continues  to  Capo  di  Leuca,  on  the  Gulf  of  Taranto ;  the 
other  to  Cape  Spartivento,  near  the  Strait  of  Messina.  The  whole 
length  is  about  800  m.  None  sf  the  Apennines  rise  above  the  line 
of  perpetual  snow,  though  snow  lies  during  nine  months  of  the  year 
on  the  Monte  Corno  in  the  Gran  Sasso  d'ltalia  (9591  ft.),  in 
Abruzzo  Ulteriore. 

Offsets  from  the  Julian  and  Eastern  Alps  render  Dalmatia  and 
Albania  perhaps  the  most  rugged  tract  in  Europe  ;  and  the  Pindus, 
which  forms  the  watershed  of  Greece,  diverges  from  the  latter  chain, 
and,  running  south  200  m.,  separates  Albania  from  ilacedonia  and 
Thessaly. 

Greece  is  a  country  of  mountains,  and,  although  none  are  perpe- 
tually covered  with  snow,  it  lies  during  a  great  part  of  the  year  on 
.several  of  their  summits.  The  highest  point  is  Mount  Guiona  in 
Doris  (8239  ft.).  The  chains  terminate  in  boldly  projecting  head- 
lands, which  reach  far  into  the  sea,  and  reappear  in  the  numerous 
islands  and  rocks  which  stud  that  deeply  indented  coast.  The 
Grecian  moimtaius,  like  the  Balkan,  are  much  torn  by  ti-ansverse 
fractures.  The  defile  of  Blatamana  and  the  Gulf  of  Salonica  are 
examples.  The  Adriatic,  the  Dardanelles,  and  the  Sea  of  Marmora 
limit  the  secondary  ranges  that  branch  from  the  southern  part  of 
the  Balkan. 

The  valleys  of  the  Alps  are  deep,  long,  and  narrow ;  those  among 
the  mountains  of  Turkey  in  Em-ope  and  Greece  are  mostly  caldron 
shaped  hollows,  often  enclosed  by  mural  rocks.  jMany  of  these 
cavities  of  great  size  lie  along  the  foot  of  the  Balkan.  In  the  Morea 
they  are  so  encompassed  by  mountains  that  the  water  has  no  escape 
but  throuo-h  the  porous  soil,  consisting  of  tertiary  strata,  some  of 
which  have  formed  the  bottom  of  lak-es.  Caldron  shaped  vaUeys 
occur  also  in  most  volcanic  countries,  as  Italy,  Sicily,  and  central 

France.  „         ^  .  » 

The  table-lands  which  constitute  the  tops  of  mountains  or  ot 
mountain  chains  are  of  a  different  character  from  those  terraces 
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Ijy  which  the  hi^-h  lands  slope  down  to  the  low.  The  former  are 
oa  a  small  scale  in  Em-ope,  and  of  forbidding  aspect,  with  the 
exception  of  the  Jura,  which  is  pastoral,  whereas  the  latter  are 
almost  always  hahitahle  and  cultivated.  The  mass  of  high  land 
in  S.E.  Em-ope  shelves  on  the  N.  to  the  great  plain  of  Bavaria, 
which  is  3000  ft.  high ;  Bohemia  slopes  downwards  from  1500 
to  900  ft. ;  and  Hungary  from  4000  to  300  above  the  sea.  The 
descent  on  the  S.'  side  of  the  Alps  is  considerably  the  most  rapid, 
the  distance  of  the  plains  from  the  centre  of  the  chain  being 
shorter. 

§  4.  Glaciers. — It  is  scarcely  possible  to  estimate  the  quan- 
tity of  ice  on  the  Alps  :  it  is  said,  however,  that,  independent  of 
the  glaciers  in  the  Grisons,  there  are  1177  sq.  m.  of  glacier  in  the 
Alpme  range,  from  80  to  600  ft.  thick.    There  are  no  glaciers  E. 
of  the  Great  Glockner,  except  in  the  small  group  of  Hallstadt. 
Thirtj^  four  boimd  the  snow}^  regions  of  Mont  Blanc,  covering  an 
area  of  1819  m.,  whilst  it  is  estimated  that  95  sq.  m.  of  snow  and 
ice  clothe  that  giant  of  the  chain.    Some  glaciers  have  been  per- 
manent and  stationary  in  the  Alps  from  time  immemorial,  while 
others  now  occupy  ground  formerly  cultivated  or  covered  with 
trees,  which  the  irresistible  force  of  the  ice  has  swept  away. 
These  ice  rivers,  formed  on  the  snow  clad  summits  of  the  moun- 
tains, fiU  the  hollows  and  high  valleys,  hang  on  the  declivities,  or 
descend  by  their  own  gravity  through  the  transverse  valleys  to  the 
plains,  where  they  are  cut  short  by  the  increased  temperature,  and 
deposit  the  rocks  and  rubbish  which  had  fallen  upon  them  from 
the  heights  above,  forming  those  accumulations  called  moraines  y 
but  their  motion  is  so  slow  in  some  instances  that  generations  may 
pass  before  a  stone  fallen  on  the  upper  end  of  a  long  glacier  can 
reach  the  terminal  moraine.    In  the  Alps  the  annual  rate  of 
motion  of  the  glaciers  varies  extremely,  according  to  the  state  of 
the  glacier  itself,  and  of  its  slope.    Rates  of  motion  varying  from 
14  to  600  ft.  annually  have  been  observed.  As  in  rivers,  the  motion 
is  most  rapid  in  the  centre,  and  slower  along  the  sides  and  bottom 
on  accomit  of  friction.    It  is  slower  in  winter,  although  it  does  not 
cease,  because  the  winter's  cold  penetrates  the  ice,  as  it  does  the 
soil,  only  to  a  limited  depth.     Glaciers  are  not  of  solid  ice ;  they 
consist  of  a  mixture  of  ice,  snow,  and  water,  so  that  they  are  in 
some  degree  flexible  and  viscous,  acquiring  more  solidity  as  they 
descend  to  lower  levels.    Although  evaporation  goes  on  at  their 
surface,  they  are  not  consimied  by  it.    The  terminal  front  is  per- 
petually melting  ;  it  is  steep  and  inaccessible,  owing  to  the  confi- 
guration of  the  ground  over  which  it  tumbles  in  its  icy  cascade, 
sometimes  several  hundred  feet  high.    The  glacier  in  its  middle 
course  is  rather  level,  the  higher  part  very  steep,  and  the  surface 
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is  convex  and  uneven,  and  rent  by  crevices  into  wliicli  the  purest 
lohie  streams  fall  in  riisMng  cascades  so  long  as  tlie  sun  is  above  the 
horizon ;  hut  they  freeze  at  his  setting,  and  then  a  deathlike 
sUence  prevails.  The  masses  of  rocks  and  large  stones  that  fall  on 
them  from  the  surrounding  heights  protect  the  ice  helow  from  the 
sun  which  melts  it  aU  around,  so  that  at  last  they  rest  on  elevated 
pinnacles  till  they  fall  off  hy  their  weight,  and  in  this  manner  some 
of  those  numerous  pyramids  are  formed  with  which  the  surface  is 
bristled.  Small  stones,  on  the  contrary,  absorb  the  smi's  heat,  and 
melt  the  ice  imder  them  into  holes  in  which  they  sink,  forming  so 
many  small  wells.  Throughout  much  of  the  length  of  a  glacier 
the  winter's  snow  melts  from  its  surface  as  completely  as  it  does 
from  the  groimd ;  it  is  fed  from  above,  for  in  the  upper  part  the 
snow  never  melts,  but  accumulates  in  a  stratified  form,  and  is  con- 
solidated. In  some  of  the  largest  glaciers,  where  there  is  a  differ- 
ence in  level  of  some  thousands  of  feet  between  the  origin  and  ter- 
mination, the  pressure  is  enormous,  and  so  irresistible  as  to  carry 
all  before  it. 

Glaciers  advance  or  retire  according  to  the  severity  or  mUdness 
of  the  season :  they  have  been  advancing  in  Switzerland  of  late 
years,  but  they  are  subject  to  cycles  of  unknown  duration.  From 
the  moraines,  as  well  as  the  striae  scratched  on  the  rocks  over 
whicb  they  have  passed,  M.  Agassiz  considers  that  the  valley  of 
Ohamouni  was  at  one  time  occupied  by  a  glacier  that  had  moved 
towards  the  Col  de  Babne.  A  moraine  2000  ft.  above  the  Rhone 
at  St.  Maurice  would  appear  to  indicate  that,  at  a  remote  period, 
glaciers  had  covered  Switzerland  to  the  height  of  21 55  ft.  above 
the  level  of  the  Lake  of  Geneva. 

Their  increase  is  now  limited  by  various  circiunstances — ^by 
evaporation  at  their  siu-face,  by  blasts  of  hot  air  which  occm-  at  all 
heio-hts,  but  chiefly  by  the  mean  temperature  of  the  earth,  which, 
being  always  above  the  freezing  point  in  those  latitudes,  melts  the 
under  sm-face  of  the  glacier,  giving  rise  to  a  perpetual  current, 
which,  united  to  the  natm-al  springs  that  rise  mider  the  frozen 
mass,  and  to  the  rain  and  melted  snow  that  penetrate  through  the 
crevices,  forms  a  stream  of  turbid  water  which  works  out  an  icy 
cavern  at  the  extremity  of  the  glacier,  and  flows  from  it  into  the 
lower  grovmd.  Thus  a  glacier  '  begins  in  the  clouds,  is  formed  by 
the  mountains,  and  ends  in  the  ocean.' ' 


1  The  reader  who  may  wish  for  a  more  detailed  view  on  this  subject  i: 
referred  to  the  writings  of  Professor  Agassiz,  and  to  Professor  James  Forbes 
volumes  on  Glaciers,  a  work  which  is  a  model  of  exact  observation  combmcc 
with  such  accurate  physical  and  mechanical  deductions  as  could  only  b< 
arrived  at  by  one  eminently  conversant  with  the  highest  principles  o 
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§  5.  Geological  notice. — The  Ciystalline  and  upper  Palseozoic 
formations  are  enormously  developed  in  nortlieru  Europe;  tlie 
Secondary  and  Tertiary  are  not  less  so  in  tlie  central  part  of  the 
■continent ;  and  although  the  latter  continue  to  be  the  prevailing 
strata  in  the  S.,  they  are  so  much  mixed  with  crystalline  rocks  that 
the  geology  becomes  very  complicated.  Norway,  Sweden,  Lapland, 
find  Finland  are  for  the  most  part  Crystalline,  while  the  rest  of 
northern  Eussia  belongs  to  the  upper  Palteozoic  period.  Siberia, 
and  a  long  ti-act  S.  of  it,  are  formed  of  Secondary  strata.  The 
whole  of  southern  Eussia,  to  the  shores  of  the  Black  Sea  and 
Caspian,  belongs  to  the  Secondary  and  Tertiary  periods;  while 
tertiary  rocks  prevail  throughout  Germany,  Denmark,  and  Holland, 
to  the"  shores  of  the  North  Sea.  Metamorphic  slates  are  highly 
developed  in  southern  and  eastern  Em-ope,  and  form  some  of  the 
most  ele-\-ated  pinnacles  of  the  Alpine  crest  and  its  offsets,  of  the 
Caucasus  and  principal  chains  in  Greece  and  Tm-key  in  Eiu'ope ; 
but  the  Secondary  Eossiliferous  strata  constitute  the  chief  mass  and 
often  rise  to  the  highest  summits  ;  indeed,  secondary  limestones 
•occupy  a  great  portion  of  the  high  land  of  eastern  Europe. 
Calcareous  rocks  form  two  great  mountain  zones  on  each  side  of 
the  central  chain  of  the  Alps,  and  rise  occasionally  to  altitudes  of 
10,000  or  12,000  ft.  They  constitute  a  great  portion  of  the 
central  range  of  the  Apennines,  and  fill  the  greater  part  of 
Sicily.  They  are  extensivel}^  developed  in  Turkey  in  Em-ope, 
where  the  plateau  of  Bosnia,  with  its  high  lands  on  the  S.,  part 
of  Macedonia,  and  Albania  with  its  islands,  are  principally  com- 
posed of  them.^  Tertiary  strata  of  great  thickness  rest  on  the 
flanks  of  the  Alps,  and  rise  in  places  to  a  height  of  5000  ft. ; 
zones  of  the  Pliocene  period  flank  the  Apennines  on  each  side, 
filled  with  organic  remains,  and  half  of  Sicily  is  covered  with 
tei-tiary  strata.  With  the  exception  of  the  islands  in  the  Baltic, 
^nd  a  disti-ict  S.  of  the  Gulf  of  Finland,  which  is  Palteozoic,  that 
formation,  often  mixed  with  granite,  prevails  near  or  along  the 
shores  of  the  Atlantic,  but  not  continuously.  A  district  at  North 
■Cape  is  Palaeozoic;  the  Lofoden  Isles  are  of  granite;  it  again 
.appears  in  small  patches  in  the  Norwegian  mountains,  which  are 
Palaeozoic.  The  whole  of  Brittany  consists  of  these  two  formations, 
the  granite  being  still  more  abimdant,  and  stretching  diagonally 
across  France  in  patches,  even  to  the  shores  of  the  Mediterranean. 
.But  in  no  part  of  Europe  do  the  rocks  under  consideration  abound 


])liy8ics  and  mathematical  investigations ;  and  to  tlie  later  researches  of 
Professor  Tj'ndali,  ■\vliicli  have  modilied,  on  some  secondary  points,  Professor 
Porbes'  views  and  discoveries. 
1  M.  Boue. 
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so  mucli  as  on  the  Atlantic  side  of  tlie  Spanisli  peninsula :  they 
extend  even  to  the  centre  of  Spain.  The  Pyrenees  are  of  granite- 
and  upper  Palteozoic  strata,  flanked  by  secondary  rocks.  Consider- 
able tracts  of  granite  occur  in  the  Moravian,  Btihrnerwald,  and 
Saxon  moimtains,  hut  of  less  importance  than  those  mentioned. 
It  appears  that  the  Atlas,  the  Sierra  Morena,  and  most  of  the 
Spanish  mountains,  the  central  chain  of  the  Caucasus,  and  the 
Balkan,  were  raised  before  the  period  of  the  erratic  blocks. 

Prom  niunerous  dislocations  in  the  strata  the  Alps  appear  to 
have  been  heaved  up  by  many  violent  and  repeated  convulsions, 
separated  by  intervals  of  repose ;  and  different  parts  of  the  chain 
have  been  raised  at  different  times.  For  example,  the  Maritime 
Alps  and  the  S.W.  part  of  the  Jura  mountains  were  raised  pre- 
viously to  the  formation  of  the  chalk ;  but  the  Tertiary  period 
appears  to  have  been  that  of  the  greatest  commotions,  for  nearly 
two  thirds  of  the  lands  of  Europe  have  risen  since  the  beginning  of 
that  epoch,  and  those  that  existed  acquired  additional  height, 
whilst  some  have  simk  below  their  original  level.  During  that 
period  the  Alps  acquired  an  additional  elevation  of  between  2000 
and  3000  ft. ;  Mont  Blanc  then  attained  its  present  elevation ;  the 
Apennines  rose  1000  or  2000  ft.  higher ;  and  the  Carpathians 
seem  to  have  gained  an  accession  of  height  since  the  seas  were 
inhabited  by  the  existing  species  of  animals.^ 


CHAPTER  IV. 
HIGH  LANDS  OP  THE  GEEAT  cowxm^i^i— Continued. 

S  1  TaWe-land  of  Central  Asia;  Cradle  of  the  Human 
Race  —The  Dardanelles  and  the  Sea  of  Marmora  form  but  a  smaU 
break  in  the  mighty  girdle  of  the  old  continent,  which  agam  appears 
in  immense  table-lands,  passing  through  the  centre  of  Asia,  ol 
such  mao-nitude  that  they  occupy  nearly  two  fifths  of  the  contment. 
Here  everything  is  on  a  much  grander  scale  than  in  Europe :  the 
tible-lands  rise  above  the  mean  height  of  the  European  mountams^ 
^nd  the  movmtains  themselves  that  gird  and  traverse  them  sui-pass 
ttose  of  every  other  country  in  altitude.  The  most  barren  deserts- 
're  here  to  be  met  with,  as  weU  as  the  most  Want  productions 
o  animal  and  vegetable  life.  The  earliest  records  of  the  Hinian 
race  are  foimd  in  this  cradle  of  cmlisation,  and  monuments  stiU 


1  LyeU. 
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remain  wliich  show  the  skill  and  power  of  those  nations  that  have 
passed  away^  but  whose  moral  influence  is  still  visible  in  their 
descendants.  Customs,  manners,  and  even  prejudices  cany  us 
back  to  times  beyond  the  record  of  history  or  even  of  tradition, 
while  the  magnitude  with  which  the  natural  world  is  here  developed 
evinces  the  tremendous  forces  that  must  have  been  in  action  at 
epochs  immeasurably  anterior  to  the  existence  of  man,  remote  as 
that  appears  to  be. 

The  gig-antic  mass  of  high  land  which  extends  for  6000  m. 
between  the  Mediterranean  and  the  Pacific  is  2000  m.  broad  at  its 
E.  extremity,  700  to  1000  in  the  middle,  and  somewhat  less  at  its 
termination.  Colossal  moimtains  and  elevated  terraces  form  the 
edges  of  the  lofty  plains. 

§  2.  Western  Asiatic  Table-land. — Between  the  47th  and 
68th  meridians  E.  long.,  where  the  low  plains  of  Hindustan  and 
Bokhara  border  upon  the  table-land  and  reduce  its  width  to  700  or 
1000  m.,  it  is  divided  into  two  parts  by  an  enormous  group  of 
moimtains  formed  by  the  meeting  of  the  Hindu  Kush,  the 
Himalaya,  and  the  Kuen-lun :  these  two  parts  differ  in  height, 
form,  and  magnitude. 

The  western  portion,  which  is  the  table-land  of  Persia  or 
plateau  of  Iran,  is  oblong,  extending  fi'om  the  shores  of  Asia  Minor 
to  the  Hindu  Kush  and  the  Suliman  range,  which  skirts  the  W. 
side  of  the  valley  of  the  Indus.  It  occupies  an  area  of  633,490 
sq.  m.,  generally  about  4000  ft.  above  the  sea,  and  in  some  places 
7000.  The  Oriental  plateau  or  table-land,  much  the  largest,  has 
an  area  of  7,600,000  sq.  m.,  its  altitude  varying  from  4000  ft. 
at  Yarkand,  to  17,000  ft.  in  some  parts  of  Tibet. 

As  the  table-lands  extend  from  N.W.  to  S.E.,  so  also  do  the 
principal  mountain  chains,  as  well  those  which  bound  the  high 
lands  as  those  which  traverse  them.  Remarkable  exceptions  to 
this  equatorial  direction  of  the  Asiatic  mass,  however,  occur  in 
a  series  of  meridional  chains,  whose  axes  extend  from  S.S.E.  to 
N.N.W.,  between  Cape  Oomorin,  opposite  to  Ceylon,  and  the 
Arctic  Ocean,  under  the  names  of  the  Western  Ghats,  the  Suli- 
man range,  the  Kizil  Yart  (which  is  the  eastern  limit  of  the 
Pamir  plateau),  and  the  Ural  Mountains.  These  chains,  rich 
in  gold,  lie  in  different  longitudes,  and  so  alternate  among  them- 
selves that  each  begins  only  in  that  latitude  which  has  not  yet 
been  attained  by  the  preceding  one.  The  Khing-han,  in  China, 
also  extends  from  S.  to  N.  along  the  eastern  slopes  of  the  table- 
land of  Tartary.' 

§  3.  Caucasian  Bangre. — The  lofty  range  of  the  Oaucasiis, 


1  Johnston's  *  Physical  Atlas.' 
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wMcli  extends  in  an  unlDi-oken  line  700  m.  between  the  Black  and 
Caspian  Seas,  is  an  outlying  member  of  tlie  Asiatic  bigli  lands. 
Offsets  diverge  lilie  ribs  from  each  side  of  the  central  crest,  which 
penetrate  the  Russian  Steppes  on  one  hand,  and  on  the  other  cross 
the  plains  of  Kara,  or  valley  of  the  Kur  and  liion,  and  unite  the 
Caucasus  to  the  table-land.    The  Caucasus  presents  much  magni- 
ficent scenery,  and  the  great  peaks  shoot  up  from  their  bases 
in  unbroken  walls  of  rock  and  ice.    The  rivers  which  drain  the 
N.  slopes  cut  their  way  through  gorges  in  the  limestone,  which 
bars  their  way  down  to  the  vast  steppes.    Fine  forests,  far  sur- 
passing in  extent  and  richness  those  of  the  Alps,  clothe  the  sides 
of  the  Caucasus,  and  reach  to  an  elevation  variously  estimated  at 
7300  and  7600  ft.  There  is  a  total  absence  of  lakes  on  both  sides  of 
the  chain,  nor  are  there  any  great  waterfalls.    Some  parts  of  these 
mountains  are  very  high ;  Elbruz,  on  the  western  border  of  Georgia, 
is  18,526  ft.  The  central  portion  of  the  chain,  a  distance  of  120  m. 
between  the  peaks  of  Kasbek  (16,545  ft.)  to  the  E.,  and  Elbruz 
to  the  W.,  has  been  explored  by  IMr.  Douglas  Freshfield  and 
a  party,  and  by  m.  F.  C.  Grove,  and  others.    The  glaciers  of 
this  part  of  the  chain  are  very  extensive,  and,  though  the  snow 
limit  ranges  from  10,980  ft.  to  12,040  ft.,  the  bases  of  the  great 
glaciers  descend  to  7200  ft.    The  central  chain  of  the  Caucasus, 
according  to  recent  geologists,  is  chiefly  composed  of  granite ;  the 
rocks  of  both  Elbruz  and  Kasbek  are  igneous.  In  addition  to  these 
great  peaks,  the  central  region  contains  the  elevated  siunmits  of 
Dychtau  (16,931  ft.)  and  Kaschtantau  (17,126  ft.)  between  the 
two  branches  of  the  Tcherek,  and  several  others  between  15,000 
and  16,000  ft.  high.    The  chief  Pass  across  the  range  is  the  Dariel 
Eoad,  which  leads  from  Mozdok  on  the  N.  side  to  Tiflis  on  the  S. 

side.  •  ^  , 

§  4.  laountains  of  Anatolia.— Anatolia,  the  most  western 

part  of  the  table-land  of  Iran,  3000  ft.  above  the  sea,  is  travei-sed 

by  short  chains  and  broken  groups  of  moimtaias,  separated  by 

fertUe  valleys,  which  sink  rapidly  towards  the  Ai-chipelago,  _  and 

end  in  promontories  and  islands  along  the  shores  of  Asia  Minor, 

which  is  a  country  abounding  in  vast,  luxm-iant,  but  solitary  plains, 

watered  by  broad  rivers,  in  Alpine  platforms  and  moimtaiu  ridges, 

broken  up  by  great  valleys,  opening  seawards  with  meandermg 

streams.    Single  mountains  of  volcanic  formation  are  conspicuous 

obiects  on  the  table-land  of  Anatolia,  which  is  rich  in  pasture, 

though  much  of  the  soil  is  saline,  and  covered  with  lakes  and 

marshes.    A  triple  range  of  limestone  mountains,  6000  or  /OOO  tt. 

hi'o-h   divided  by  narrow  but  beautiful  valleys,  is  the  limit  of 

'the  Anatolian  table-land  along  the  shores  of  the  Black  Sea.  Two 

thirds  of  their  height  are  covered  with  forests,  and  broken  by 
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Tvooded  glens,  leaving  a  narrow  coast  line,  except  near  TreHzond, 
■where  it  is  broad  and  pictm-esque.  The  high  land  is  hounded  on 
the  S,  hy  the  serrated  snowy  range  of  the  Taiu-us,  which,  he- 
ginning  in  Ehodes,  Oos,  and  other  islands  in  the  Mediterranean, 
fills  the  S.W.  parts  of  Asia  Minor  with  ramifications ;  and,  after 
following  the  sinuosities  of  the  iron  hound  coast  of  Karamania 
in  a  single  lofty  range,  extends  to  Samisat,  where  the  Euphrates 
has  cut  a  passage  through  this  stony  girdle. 

§  5.  IMCountain  regrion  of  Armenia,  Kurdistan,  and  Azer- 
'baijan. — Between  the  40th  and  the  50th  meridians  the  tahle-land 
is  compressed  to  nearly  half  its  width ;  and  there  the  lofty  moun- 
tainous regions  of  Armenia,  Km'distan,  and  Azerbaijan  tower  higher 
and  higher  between  the  Black  Sea,  the  Caspian,  and  the  Gulf  of 
Scanderoon  on  the  Mediterranean.  Here  the  cold  treeless  plains  of 
Armenia,  the  earliest  abode  of  man,  7000  ft.  above  the  sea,  bear  no 
traces  of  the  Garden  of  Eden ;  Mount  Ararat  (which  the  Armenians 
call  Masts,  the  Turks  Ak-Dagh,  and  the  Persians  Kuh-i-Nuh,  or 
'Noah's  Mountain')  stands  a  solitary  majestic  volcanic  cone, 
16,969  ft.  above  the  sea,  shrouded  in  perpetual  snow.  Though 
high  and  cold,  the  soil  of  Armenia  is  richer  than  that  of  Anatolia, 
and  is  better  cultivated.  It  shelves  on  the  N.  in  luxuiiant  and 
beautiful  declivities  to  the  low  and  undulating  vaUey  of  Kara, 
S.  of  the  Caucasus ;  and,  on  the  other  hand,  the  broad  and  lofty 
mountains  of  Km'distan,  rising  abruptly  in  many  parallel  ranges 
from  the  plains  of  Mesopotamia,  form  its  southern  face,  and  spread 
their  ramifications  wide  over  its  siu'face.  They  are  rent  by  deep 
ravines,  and  in  many  places  are  so  rugged  that  communication 
between  the  villages  is  always  difficult,  and  in  winter  imprac- 
ticable from  the  depth  of  snow.  The  line  of  perpetual  snow 
'  is  decided  and  even  along  their  sides ;  their  flanks  are  wooded,  and 
the  valleys  populous  and  fertile. 

The  brackish  Lake  Van,  which  is  seldom  frozen,  thoug-h  6120 
ft.  above  the  sea,  and  sm-rounded  by  lofty  mountains,  occupies 
1413  sq.  m.  of  Km-distan. 

§  6.  Persian  mountains. — The  Persian  moimtains,  of  which 
Elbm-z  is  the  principal  chain,  extend  along  the  northern  brink  of 
the  plateau,  from  Armenia,  almost  parallel  to  the  shores  of  the 
Caspian  Sea,  maintaining  a  considerable  elevation  up  to  the  vol- 
canic peak  of  Demavend  (20,086  ft.),  near  Tehran,  their  culmi- 
nating point.  Elevated  offsets  of  these  mountains  cover  the  vol- 
canic table-land  of  Azerbaijan,  one  of  the  most  fertile  provinces 
of  Persia:  there  the  Koh  Savalan  elevates  its  volcanic  cone. 
Beautiful  plains,  pure  streams,  and  peaceful  glades,  interspersed 
with  villages,  lie  among  the  mountains,  and  the  Vale  of  Khosran 
Shah,  a  picture  of  sylvan  beauty,  is  celebrated  as  one  of  the 

K  2 
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five  paradises  of  Persian  poetry.  The  vegetation  at  the  foot  of 
these  mountains  on  the  shores  of  the  Caspian  has  all  the  exube- 
rance of  a  tropical  jungle.  The  Elburz  decreases  in  height  to  the 
E.  of  Demavend,  and  then  joins  the  mountains  of  Khorasan  and 
the  Paropamisan  range,  which  appear  to  he  chains  of  mountains 
when  viewed  from  the  low  plains  of  Khorasan  and  Balkh,  hut  on 
the  tahle-land  of  Persia  they  merely  form  a  broad,  hiUy  comitry  of 
rich  soil,  till  they  join  the  Hindu  Kush. 

In  fact,  mountains  which  boimd  table-lands  have  no  existence 
independent  of  them,  being  merely  their  mountainous  faces,  the 
highest  ranges  of  which  abut  on  these  elevated  plains,  and  rise  more 
or  less  above  them.    It  is  thus  that  the  table-land  of  Iran  is 
boimded  for  1000  m.  along  the  Persian  Gulf  and  Indian  Ocean 
by  a  mountainous  belt  of  from  3  to  7  parallel  ranges,  having  an. 
average  width  of  200  m.,  and  extending  from  the  extremity  of  the 
Kurdistan  Mountains  to  the  mouth  of  the  Indus.    The  Lanstan 
Mountains,  which  form  the  N.  part  of  this  belt,  and  boxmd  the 
vast  level  plains  of  the  Tigris,  rise  from  it  in  a  succession  oi 
high  table-lands  divided  by  very  rugged  moimtams,  the  last  ridge 
of  which,  mostly  covered  with  sno^,  abuts  on  the  table-land  ot 
Persia.    Oaks  clothe  their  flanks  ;  the  vaUeys  are  fertile,  verdant, 
and  cultivated ;  and  many  rivers  flow  through  them  to  swell  the 
stream  of  the  Tigris.    Insulated  hiU  forts,  fi-om  2000  to  5000  ft. 
hiih,  occm-  in  this  region,  on  flat  cultivated  summits  some  miles  in 
extent,  often  accessible  only  by  ladders,  or  holes  cut  m  their  preci- 
mtous  sides.     These  countries  abound  in  ancient  inscriptions  and 
Remains  of  antiquity.     The  moisture  decreases  more  and  more  as 
v.e  proceed  S.  from  Shii-az ;  and  then  the  parallel  ridges,  rejMsive 
in  aspect  and  difficult  to  pass,  are  separated  by  and  longitudinal 
vaUevs  which  ascend  like  steps  from  the  narrow  shores  ot  the 
PersS  Gulf  to  the  table-land.   The  coasts  of  the  gulf  are  bm-nmg 
Ldy  solitudes,  so  completely  ban-en  that  the  country  to 
Bassora  to  the  Indus,  a  distance  of  1200  m.,  is  nearly  a  steiile 
waste     In  a  few  favoui-ed  spots  on  the  terraces,  but  only  where 
rfer  occurs,  there  is  vegetation ;  and  the  beauty  of  these  vaUeys 
is  enhanced  by  surroimding  sterility. 

With  the  exception  of  Mazandaran  and  the  other  pro;nnces 
bordering  upon  the  Caspian,  and  in  the  Paropamisan  range,  Persia 
is  an  arid  region,  possessing  few  perennial  springs,  and  not  one 
lat  river.  In  fact,  three  tenths  of  the  coimtry  is  a  desert  and 
the  teMe-land  is  nearly  a  wide  scene  of  desolation.  A  great  salt 
lesert  occlies  27,000  sq.  m.  between  Ii-ak  and  Khomsan,  of  which 
trso^TLm  clay,  cLred  with  efflorescence  of  connnon^^^ 
and  nitre  often  an  inch  thick,  varied  only  by  a  few  sahne  plants 
^^d  paSes  of  verdure  in  the  hollows.   This  dreary  waste  joins 


Chap.  V.         WESTEEN  ASIATIC  MOUNTAINS. 


53 


the  large  sandy  and  equally  di'eary  Desert  of  Kerman.  Kelat,  the 
capital  of  Baluchistan,  is  7000  ft.  above  the  level  of  the  sea : 
round  it  there  is  cultivation,  but  the  greater  part  of  that  country 
is  a  desert  plain,  over  which  the  brick  red  sand  is  drifted  by  the 
wind  into  ridges  like  the  waves  of  the  sea,  often  12  ft.  high,  with- 
out a  vestige  of  vegetation.  The  blast  of  the  desert,  whose  hot 
and  pestilential  breath  is  fatal  to  man  and  animals,  renders  these 
dismal  sands  impassable  at  certain  seasons. 

Barren  lands  or  bleak  downs  prevail  at  the  foot  of  the  Lukee 
and  Suliman  ranges,  which  are  formed  of  bare  porphyry  and  sand- 
stone, and  which  skirt  the  eastern  edge  of  the  table-land,  and  dip 
to  the  plains  bordering  on  the  Indus.  In  Afghanistan  there  is 
little  cultivation  except  on  the  banks  of  the  streams  that  flow  into 
the  Sistan  Lake,  but  fertility  reappears  towards  the  N.E.  The 
plains  and  valleys  among  the  ofisets  from  the  Hindu  Kush  are  of 
surpassing  loveliness,  and  combine  the  richest  peaceful  beauty  with 
the  majesty  of  the  snow  capped  moimtains  by  which  they  are 
encircled. 

§  7.  Chain  of  the  Hindu  Kush. — The  elevated  chain  of  the 
Hindu  Kush,  which  occupies  the  terrestrial  isthmus  between  the 
low  lands  of  Hindustan  and  Bokhara,  takes  its  name  from  a 
mountain  18,000  ft.  above  the  level  of  the  sea,  N.  of  the  city 
of  Oabid.  To  the  "W.,  this  chain  is  very  broad,  extending  over 
many  degrees  of  latitude,  and  covering  the  countries  of  Ka&istan, 
Kunduz,  and  Badakhshan,  with  its  oflsets.  From  the  plains  to  the 
S.  it  seems  to  consist  of  four  distinct  ranges  rising  one  above 
another,  the  last  of  which  is  so  high  that  its  snowy  summits  are 
visible  at  the  distance  of  150  m.  A  ridge  of  considerable  height 
encloses  the  beautiful  valley  of  Kashmir,  at  the  extremity  of  which 
the  Himalayas  may  be  said  to  begin.  The  Passes  over  the  Hindu 
Kush  are  mere  defiles.  There  are  six  from  Oabul  to  the  plains  of 
Western  Turkistan  ;  and  so  deep  and  so  much  enclosed  are  they, 
that  Sir  Alexander  Bm-nes  never  could  obtain  an  observation  of 
the  pole  star  dming  the  whole  journey  from  Bamian  till  within 
30  m.  of  Turkistan. 


OHAPTEE  V. 

HIGH  IiAITDS  01"  THE  GBEAT  CONirNEKT — continued. 

§  1.  The  Table-land  of  Eastern  Asia. — The  great  table-land 
of  Eastern  Asia  extends  through  20  degrees  of  longitude  from 
the  sources  of  the  Oxus  to  those  of  the  Hoang-Ho  or  Yellow 
Kiver  of  China.     The  height  of  this  enormous  protuberance 
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is  small  to  the  N.  compared  with  that  of  Tihet  which  forms  its 
summit,  the  lofty  plain  of  which  rises  to  a  mean  elevation  of  ahout 
14,500  ft.  above  the  sea.  Tibet  is  bounded  on  the  S.  by  the 
Himalaya,  and  on  the  N.  by  the  Kxien-lun.  The  central  part  of 
the  plateau,  on  which  are  situated  Yarkand,  Khotau,  and  other 
cities,  is  of  much  less  elevation  than  Tibet,  being  from  4000  to 
6000  ft.  above  the  sea  level.  It  is  bounded  on  the  N.  by  the 
Thian-shan  or  Celestial  Mountains ;  and  to  the  N.E.  of  these  are 
Mongolia  and  the  Desert  of  Gobi,  which  are  not  more  than  4000 
ft.  above  the  level  of  the  sea,  and  are  bounded  by  the  mountains 
that  terminate  the  table-land  on  the  N.,  separating  it  from  the 
plains  of  Siberia.  The  table-land  and  all  these  mountains  run 
nearly  from  W.  to  E.,  nevertheless  the  Altai  and  Himalaya  diverge 
in  their  eastern  coiu'se,  so  that  the  table-land,  which  is  only  70 
or  100  m.  wide  at  its  W.  extremity,  is  1000  between  the  Chinese 
province  of  Yunnan  and  the  cou.ntry  of  the  Mandchu  Tonguses. 

This  elevated  mass  of  table-lands  and  moimtains  ends  abruptly 
in  the  lofty  chain  of  the  Kizil  Yart  Mountains  which  divides 
Eastern  from  "Western  Turkistan.  West  of  this  range  lies  the 
Pamir  plateau,  which  is  called  by  the  natives  the  Bam-i-Duniah, 
or  '  Koof  of  the  World.'  Its  great  elevation  was  made  known  by 
the  celebrated  Venetian  traveller  Marco  Polo,  sLx  centm-ies  ago. 
It  forms  the  watershed  of  this  part  of  central  Asia;  the  Amu 
Daria  or  Oxus  issuing  from  the  W.  extremity  of  the  small  Alpine 
lake  Sir-i-Kol,  situated  on  this  elevated  plateau,  and  the  rivers  of 
Yarkand  and  Khokand  rising  towards  the  eastern  side,  wMch  is 
intensely  cold  in  winter,  but  in  summer  is  covered  with  flocks  of 
sheep  and  goats.  ^  From  here  the  table-land  of  Tibet  sinks  down 
by  a  succession  of  terraces  through  the  countries  of  Bokhara  and 
Balkh  to  the  deep  cavity  in  which  the  Caspian  Sea  lies.  Several 
Passes  lead  from  the  low  plains  of  Western  Tm-kistan  to  Kashgar 
and  Yarkand  on  the  table-land  of  Eastern  Tm-kistan. 

§  2.  The  Himalayas.^ — The  Himalaya  Moimtains  run  from 
N.W.  to  S.E.  from  the  banks  of  the  Indus  to  the  mouth  of  the 
Brahmaputra,  and  along  that  line  there  extends  the  vast  unbroken 
plain  of  Hindustan,  which  is  prolonged  southward  to  the  Bay  of 
Bengal  on  one  hand,  whUe  on  the  other  it  extends  along  the  foot 
of  the  Himalaya,  where  it  is  1200  ft.  above  the  level  of  the  sea. 

1  Wood's  'Journey  to  the  Source  of  the  River  Oxus.' 

2  Mr  Clements  Markham  takes  a  different  view  altogether  of  the  struc- 
ture of  the  Himalayan  region  from  that  put  forward  here  by  Mrs.  Somervillc. 
He  regards  the  system  as  composed  of  three  great  culminatmg  chams-a 
northern,  a  central,  and  a  soiitliem  chain-which  run  more  or  less  parallel 
to  one  another  throughout  their  whole  length,  from  the  gorge  of  the  Indus 
^0  that  of  the  Brahmaputra.  See  his  '  Tibet,'  introduction,  p.  xxiu.,  et  seq. 
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The  ti-aiisition  from  tlie  plain  to  tlie  moimtains  is  sudden.  The 
SiwalLk  hills  or  sub-Himalayan  range  rise  abruptly  from  the  per- 
fectly flat  country ;  their  height  varies  from  a  few  hundred  to 
3000  or  4000  ft.,  and  they  run  along  the  S'  edge  of  the  Hima- 
laya from  the  Indus  to  the  Ganges.  They  present  a  steep  face 
towards  the  plains,  while  they  slope  gently  inwards  and  form  a 
shallow  valley  between  them  and  the  next  line  of  mountains, 
which  runs  parallel,  but  at  a  distance  of  from  5  to  10  m.  This 
longitudinal  depression  is  broken  into  short  separate  vaTeys  by 
occasional  junctions  of  the  parallel  ranges  of  hills.  E.  of  the 
Ganges  it  becomes  a  pestilential  swamp,  covered  with  reeds  and 
grasses.  It  is  followed  on  the  N.  by  a  band  about  10  m.  broad, 
generally  covered  by  forest  and  remarkable  for  want  of  water. 
Here  a  range  of  mountains  7000  ft.  high  nms  parallel  to  the 
Siwalik  hills,  N.  of  which  lie  the  well-cultivated  valleys  of  Nepal, 
Sikkim,  Bhutan,  and  Assam,  interspersed  with  picturesque  and 
populous  towns  and  villages.  Behind  these  again  are  mountains 
from  10,000  to  12,000  ft.  high,  flanked  by  magnificent  forests ; 
and  then  the  chains  rise  rather  abruptly,  and  form  the  wonderful 
range  of  the  elevated  Himalaya,  the  '  Dwelling  of  Snow,'  which 
siu-passes  in  height  aU  other  parts  of  the  earth's  surface. 

The  mean  height  of  the  Himalaya  is  very  great  (15,670  ft., 
according  to  Humboldt).  Captain  Gerard  and  his  brother  estimated 
that  it  could  not  be  less  than  20,000  ft. ;  the  peaks  exceeding  that 
elevation  are  not  to  be  numbered,  especially  near  the  sources  of  the 
Sutlej  and  Ganges.  Indeed,  from  the  Ganges  to  the  Kali  the  chain 
exhibits  an  endless  succession  of  some  of  the  loftiest  mountains  on 
earth ;  40  of  them  surpass  the  height  of  Ohimborazo,  one  of  the  most 
celebrated  of  the  Andes,  and  several  in  Kumaon  and  Garhwal  exceed 
23,000  ft. ;  but  the  highest  of  aU — Mount  Everest,  between  Nepal 
and  Sikkim — is  29,002  ft.  above  the  level  of  the  sea  according  to 
the  measm-ements  of  Colonel  (now  General  Sir  Andrew)  Waugh. 
The  greatest  peaks  are  generally  80  or  90  m.  from  the  southern 
edge  of  the  chain,  and  are  not  found  in  a  continuous  ridge,  but 
grouped  together  in  masses  separated  by  deep  depressions,  through 
which  the  streams  flow  that  drain  these  parts  of  the  mountains. 
Captain  Strachey  mentions  that  in  Kanor  there  is  a  small  table- 
land the  counterpart  of  Pamir ;  on  both  there  is  a  lake  15,000  ft. 
above  the  level  of  the  sea,  unbedded  in  mountains  19,000  ft.  high, 
with  the  same  fauna  of  the  domestic  yak  and  wild  sheep.  The 
descent  to  the  plains  of  India  is  extremely  rapid  from  the  table- 
land, especially  in  Bhutan,  being  more  than  10,000  ft.  in  10  m. 
The  valleys  are  mere  crevices,  so  deep  and  narrow,  and  the  mountains 
that  overhang  in  menacing  clifis  so  lofty,  that  these  abysses  are- 
shrouded  in  perpetual  gloom,  except  where  the  rays  of  &  vertical 
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sun  penetrate  tlieir  depths,  and  from  the  steepness  of  descent  the 
rivers  shoot  down  with  the  swiftness  of  an  ari'ow,  filling  the 
caverns  with  foam  and  the  air  with  mist. 

The  valleys  between  the  snowy  peaks  are  little  more  than 
gigantic  ravines,  with  streams  flowing  in  narrow  channels,  which 
at  intervals  open  out  into  alluvial  fiats  capable  of  agriculture. 
After  passing  the  line  in  which  the  great  peaks  are  situated,  the 
ascent  and  the  elevation  of  the  bottoms  of  the  valleys  become  very 
rapid,  which  shows  that  the  sudden  increase  in  the  height  of  the 
mountains  in  that  line  is  not  confined  to  the  peaks,  but  is  a 
general  elevation  of  the  whole  mass. 

The  Himalayan  range  N.  of  the  Panjab  has  been  described  by 
JNIr.  Forsyth,  as  consisting  of  three  parts,  the  '  outer,  mid,  and 
trans-Himalaya.'  The  outer  Himalaya  comprises  aU  the  low  hills, 
higher  slopes  and  ranges  which  face  tlie  plain  of  India.  Splendid 
forests  of  timber  and  rich  vegetation  cover  these  portions  almost 
up  to  the  snow  line.  The  monsoons  ^  bring  rain  which  washes 
the  hill  sides,  and  the  construction  of  a  road  is  thus  rendered  very 
diflBicidt.  In  the  mid-Himalaya  vegetation  is  scant,  and  there  are 
no  forests  ;  glaciers  and  snowy  pealcs  are  everywhere  to  be  seen ; 
snow  falls  instead  of  rain,  and  avalanches  are  of  homiy  occm'rence. 
The  trans-Himalayan  district  has  mountains  of  a  rounded  form, 
the  extreme  di-yness  of  the  atmosphere  preserving  the  slopes  fi-om 
being  cut  into  ravines.  The  passes  cross  by  easy  ascents  and 
descents  from  one  elevated  plain  to  another. 

The  glaciers  in  the  Himalaya  are  numerous  and  very  large,  yet 
till  comparatively  lately  they  were  not  supposed  to  exist.  Captain 
Godwin- Austen  of  the  Indian  Trigonometrical  Sm-vey,  to  whom  was 
allotted  the  rugged  district  of  Baltistan,  at  the  great  northern  bend 
of  the  Upper  Indus,  examined  one  glacier,  the  '  Biafo  Ganze,'  which 
was  upwards  of  60  m.  in  length,  and  (in  lat.  35°)  terminated  at 
an  elevation  of  10,145  ft.  The  lowest  level  to  which  any  is  known 
to  descend  is  10,000  ft. ;  but  12,000  ft.  is  the  more  usual  elevation 
of  their  extremities  on  the  S.  declivity.  On  the  N.  side  of  the 
mountains  they  terminate  at  about  16,000  ft.,  and  their  motion  is 
analogous  to  that  of  the  glaciers  observed  in  the  Alps. 

The  snoiD-line  on  the  S.  of  the  Himalayan  Moimtains  is  at  a 
height  of  16,200  ft.;  while,  on  account  of  the  dryness  of  the 
atmosphere,  it  ascends  to  17,400  on  the  N.  of  the  chain. 

The  Himalaya  still  maintains  great  height  along  the  N.  of 
Assam  ;  and  where  the  Brahmaputra  cuts  through  it,  the  parent 


1  Ilonsoons  (Fr.  Monson,  3Iousson  =  'a  season')  are  season  winds;  or 
•winds  which  blow  six  montlis  from  one  point  of  the  compass  and  then  six 
months  from  the  opposite  point. 
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stem  aud  its  branches  extend  in  breadth  over  2°  of  latitude ;  but 
E.  of  this  point  ranges  of  mountains  succeed,  having  a  N.  and  S. 
direction,  through  the  narrow  valleys  between  which  descend  the 
Irawadi  and  other  rivers  of  Indo-Ohina  lying  between  the  Brah- 
mapiitra  and  the  Yang-tsze-Kiang. 

Nature  has  in  mercy  mitigated  the  intense  rigour  of  the  cold  in 
these  high  lands  in  a  degree  unexampled  in  other  mountainous 
regions.  The  climate  is  mild,  the  valleys  are  verdant  and 
inhabited,  corn  and  fruit  ripen  at  elevations  which  in  other 
countries — even  under  the  equator — would  be  buried  in  permanent 
snow. 

It  is  also  a  peculiarity  in  these  moimtains  that,  the  higher  the 
range,  the  higher  likewise  is  the  limit  of  snow  and  vegetation.  On 
the  southern  slopes  of  the  first  range  Mr.  Gerard  found  cultivation 
10,000  ft.  above  the  sea,  though  it  was  often  necessary  to  reap  the 
corn  still  green  and  imripe ;  while  in  Chinese  Tartary  crops  of 
barley  are  raised  16,000  ft.  above  the  sea.  Captain  Gerard  saw 
pastm-e  and  low  bushes  up  to  17,009  ft. ;  and  corn  as  high  as  even 
18,544  ft.,  which  is  2800  ft.  higher  than  the  top  of  Mont  Blanc,  and 
1279  ft,  above  the  snow  line  in  the  province  of  Quito  under  the . 
equator.  Birch  trees  with  tall  stems  grow  at  the  elevation  of  14,068 
ft.,- and  the  vine  and  other  fruits  thrive  in  the  valleys  of  these  high 
plains.  The  temperature  of  the  earth  has  probably  some  influence 
on  the  vegetation  ;  as  many  hot  springs  exist  in  the  Himalaya  at 
gi'eat  heights,  there  must  be  a  soiu'ce  of  heat  beneath  these  moun- 
tains, which  in  some  places  comes  near  the  siu'face.  Hot  springs 
abound  in  the  valley  of  Jiunnotra ;  and  as  it  is  well  known  that 
many  plants  thrive  in  very  cold  air  if  their  roots  are  well  protected, 
this  may  be  the  cause  of  pine  trees  thriving  at  great  elevations  in 
that  vaUey,  and  of  the  splendid  forests  of  the  Deodar,  a  species 
of  cedar  that  grows  to  a  gigantic  size  even  to  the  verge  of  the 
snow  line. 

Most  of  the  Passes  over  the  Himalaya  are  but  little  lower  than 
the  top  of  Mont  Blanc ;  many  are  higher,  especially  near  the 
Sutlej,  where  they  are  from  18,000  to  19,000  ft,  high.  The 
Mustagh  is  about  18,400  ft.,  the  Karakoram  Pass  is  18,550  ft., 
the  Yangi,  over  the  Kuen-lim  into  the  plains  of  Ilchi,  is  19,500  ft* 
All  are  difficult,  but  the  difficulty  is  much  lessened  in  the 
case  of  the  Passes  leading  from  Ladak  into  Eastern  Turkistan, 
owing  to  the  dryness  of  the  climate.  Caravans  now  cross  over 
Passes  from  17,000  to  19,280  ft,  in  height.  On  the  road  from  Leh 
to  Yarkand,  over  the  Karakoram,  20  per  cent,  of  the  animals  die 
on  the  road,  and  for  5  or  6  days  neither  grass  nor  fuel  is  found. 
But  the  Chang  Chenmo  route  from  Leh  to  Ilchi,  which  at  one 
place  goes  over  a  Pass  19,000  ft.  above  the  sea,  presents  no  such 
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difficulties  to  traders  as  that  over  the  Karakoram.  Grass,  wood, 
and  water  are  found  everywhere ;  and  this  route,  or  a  modifica- 
tion of  it,  is  likely  to  he  extensively  used  in  conveying  Kangra 
tea  and  other  goods  to  Yarkand,  and  reviving  a  trade  which 
existed  for  ages  hefore  the  British  occupation  of  India.  Other 
Passes  to  the  S.  and  S.W.  are  not  so  easy.  The  Niti,  by  which 
Moorcroft  ascended  to  the  sacred  lakes  of  Eakas  Tal  and  Man- 
sarowar  in  Tibet,  is  extremely  difficult.  He  and  his  guide  had  not 
only  to  walk  barefooted,  from  the  risk  of  slipping,  but  they  were 
obliged  to  creep  along  the  most  frightful  chasms,  holding  by 
twigs  and  tufts  of  grass,  and  sometimes  they  crossed  deep  and 
awful  crevices  on  the  branch  of  a  tree,  or  on  loose  stones  thrown 
across. 

The  loftiest  peaks,  being  precipitous,  and  therefore  bare  of  snow, 
give  great  variety  and  beauty  to  the  scenery,  which  in  these  Passes 
is  at  all  times  magnificent.  Dm-ing  the  day,  the  stupendous  mass 
of  the  mountains,  their  vast  extent,  the  variety  and  shai-pness  of 
their  forms,  and,  above  all,  the  clearness  of  their  distant  outline 
melting  into  the  pale  blue  sky,  contrasted  with  the  deep  azm-e 
above,  is  described  as  a  scei.o  of  wild  and  wonderful  beauty.  At 
midnight,  when  myriads  of  stars  sparkle  in  the  black  sky,  and  the 
pure  blue  of  the  mountains  looks  deeper  still,  below  the  white 
gleam  of  the  earth  and  snow  light,  the  eii'ect  is  of  imparalleled 
grandeur,  and  no  language  can  describe  the  splendour  of  the  sun- 
beams at  daj^break  streaming  between  the  high  peaks,  and  throwing 
their  ffigantic  shadows  on  the  mountains  below.  There,  far  above 
the  habitation  of  man,  no  living  thing  exists,  no  sound  is  heard  ; 
the  very  echo  of  the  traveller's  footsteps  startles  him  in  the  awfid 
solitude  and  silence  that  reign  in  these  august  dwellings  of  ever- 
lasting snow. 

On  arriving  at  the  table-land  by  the  Niti  Pass  a  traveller  finds 
himself  on  a  wide  spreading  plain,  stretching  to  the  N.W.  as  far  as 
the  eye  can  reach,  without  sign  of  water,  vegetation,  or  animal  life. 
Behind  rise  mountains  that  fade  away  in  the  distance,  with  here  and 
there  only  a  peak  covered  with  snow.  These  mountains  are  by  no 
means  so  high  as  the  Himalayas  on  the  S.  of  the  plain,  yet  they 
contain  the  Kailas  peaks,  22,068  ft.  high,  and  another  20,500.  The 
plain  varies  in  height  from  10,000  to  15,000  ft.  above  the  sea. 
Moorcroft  gives  the  following  account  of  it :  '  In  summer  the  sim 
is  powerful  at  midday,  the  air  is  of  the  purest  transparency,  and  the 
azure  of  the  sky  so  deep  that  it  seems  black  as  in  the  darkest  night. 
The  rising  moon  does  not  enlighten  the  atmosphere,  no  warning 
radiance  announces  her  approach  till  her  limb  touches  the  horizon, 
and  the  stars  shine  with  the  distinctness  and  brilliancy  of  suns.  In 
Southern  Tibet  the  verdure  is  confined  to  favom-ed  spots ;  the  bleak 
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mountains  and  liigli  plains  are  sternly  gloomy,  a  scene  of  barren- 
ness not  to  be  conceived.  SoUtude  reigns  in  these  dreary  wastes, 
where  there  is  not  a  tree  nor  even  a  shrub  to  be  seen  of  more  than 
a  few  inches  high.  The  scanty  short  lived  verdure  vanishes  in 
October :  the  coimtry  looks  then  as  if  fire  had  passed  over  it,  and 
cutting  diy  winds  blow  with  irresistible  fiu-y,  howling  in  .the  bare 
mountain's,  whirling  the  snow  through  the  air,  and  freezing  to 
death  the  unfortunate  traveller  benighted  in  these  regions.'  This 
plain  consists  of  two  parts :  that  to  the  E.,  which  is  much  en- 
croached upon  by  mountains,  contains  the  Lakes  Eakas  Tal  and 
Mansarowar,  which  lie  in  a  deep  recess  at  the  foot  of  the  Gangri 
Moimtams,  at  an  elevation  of  15,200  ft.  'The  islands  and  innu- 
merable headlands  of  the  former,  the  intensely  lovely  blue  of  its' 
waters,  with  its  snowy  breakers,  and  Kailas's  snowy  dome  in  the 
background,  formed  a  scene  of  imcommon  beauty,  marred,  how- 
ever, by  utter  desolation  and  southern  blasts  that  chill  to  the 
bone.' 

To  the  TV.  this  desolate  plain  is  much  broader  and  more  exten- 
sive; it  is  15,000  ft.  high  in  its  central  part,  and  is  cut  thi-ough  by 
the  Sutlej,  which  issues  from  the  Kakas  Tal  and  flows  at  the 
bottom  of  a  deep  ravine  fmTowed  out  of  the  alluvial  matter  of  the 
plain  to  a  depth  of  3000  ft.  Ravines,  the  slopes  of  which  are 
often  almost  as  even  and  straight  as  a  railway  cutting,  for  miles 
together  intersect  this  plain  of  Guge.  One  mentioned  by  Captain 
Strachey  is  about  a  mile  deep ;  and  their  extraordinary  magnitude 
is  such  that  Moorcroft  talks  of  theu'  slopes  as  mountains  over- 
hanging the  plain  out  of  which  they  are  cut.  Captain  Strachey 
describes  Western  Tibet  as  consisting  of  a  dense  mass  of  huge 
rocky  momitains,  whose  habitable,  or  even  accessible,  valleys  bear 
but  a  small  proportion  to  the  solid  mass  of  mountains  too  steep  and 
high  for  any.  human  use.  The  loftier  summits  rise  in  all  quarters 
to  an  elevation  of  4  m.  above  the  sea,  a  few  of  the  highest  yet 
measured  are  nearly  5  m.,  and  the  mean  elevation  about  20,000  ft. 
The  mountains,  however,  are  by  no  means  disposed  in  a  confused 
mass ;  they  extend  from  N.N.W.  to  S.S.E.  in  regular  parallel 
chains  separated  by  long  valleys,  in  which  flow  the  upper  courses 
of  the  Indus  and  Brahmaputra  Rivers.  The  pundit  employed  by 
Captain  Montgomerie  to  execute  a  recomiaissance  survey  of  this 
region  travelled  along  the  Jong-lam,  or  great  high  road,  by  means 
of  which  the  Chinese  ofiicials  keep  up  their  communications 
between  Lhasa  and  Gartok,  N.E.  of  the  Rakas  Tal  and  Mansa- 
rowar  Lakes.  The  distance  is  800  m.,  and  the  average  elevation 
of  the  road  13,500  ft.  above  the  sea  level ;  only  Jbr  one  stage  the 
road  descended  so  low  as  11,000  ft.,  whilst  at  several  passes  it 
ascended  to  more  than  16,000  ft.    The  Brahmaputra,  which  runs 
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from  W.  to  E.,  is  occasionally  crossed  by  this  road,  and  its 
waters  lie  at  an  elevation  of  11,800  ft.  at  Shigatze,  S.W.  of 
Lhasa, 

Glaciers  are  rare  in  Tibet  on  account  of  tlie  dryness  of  tbe  air, 
and  lie  mostly  on  tbe  N.  side  of  the  Himalaya,  and  on  the  western 
part  of  the  Karakoram  range,  where  they  are  very  extensive.  But, 
notwithstanding  the  severity  of  the  climate,  the  Tibetans  eross 
the  Passes,  which  are  between  18,000  and  19,000  ft.  high,  even 
in  winter. 

§  3.  The  Kiver  System  of  Tibet. — The  river  sj^stem  is  one 
of  the  principal  features  of  Tibet.  The  water-parting  of  the  Indus 
and  Brahmaputra  is  a  transverse  ridge  which  runs  N.  from  the 
Himalaya  to  the  Karakoram,  and  divides  the  country  into  two 
basins  of  drainage.  The  major  axes  of  both  rivers  lie  parallel  to 
the  longer  axis  of  the  table-land  till  they  attain  the  extremities  of 
Indian  Tibet,  where  they  tm*n  sharply  and  flow  in  deep  crevices  to 
the  plains  of  India.  These  two  great  streams,  together  with  the 
Sutlej,  are  the  only  rivers  of  Tibetan  origin  that  water  the  plains 
of  Hindustan  ;  all  the  rest  come  from  the  Himalayan  watershed, 
which  is  25  m.  to  the  N.  of  the  line  of  the  great  snowy  peaks,  or 
from  the  face  of  the  mountains. 

Kain  is  hardly  known  in  Tibet,  and  the  whole  amoimt  of  snow 
that  fell  during  two  years  that  Captain  Strachey  spent  at  Leh  was 
little  more  than  20  inches.  The  snow  does  not  lie  on  the  arid 
stony  soil.  There  is  a  total  absence  of  thunder  and  lightning,  and 
the  air  so  completely  loses  its  conducting  power  that  a  person 
clothed  in  sheepskins  becomes  so  highly  charged  as  to  give  out 
long  sparks  on  touching  a  conducting  substance. 

Even  in  these  elevated  regions  wheat  and  barley  grow  in  shel- 
tered places,  where  there  is  irrigation,  and  many  of  the  fruits  of 
S.  Europe  ripen.  Eound  the  villages,  barley,  peas,  and  beans 
are  grown ;  and  the  eye  rests  with  pleasure  on  gi-oves  of  walnut, 
apricot,  mulberry,  poplar,  and  willow.  The  city  of  Lhasa  in  E. 
Tibet,  the  residence  of  the  Grand  Lama,  is  smi-oimded  by  vine- 
yards, and  is  called  the  'Realm  of  Pleasure.'  There  are  some 
trees,  but  the  groimd  in  cultivation  in  E.  Tibet  bears  a  small  pro- 
portion to  the  grassy  steppes,  which  extend  in  endless  monotony, 
grazed  by  thousands  of  the  shawl-wool  goats,  sheep,  and  cattle. 

§  4.  Geology  of  tlie  Tibetan  mountains  ;  Xiakes. — From 
the  parallelism  of  the  mountain  chains  in  Tibet,  that  of  the  line 
of  greatest  elevation  of  the  Himalayan  peaks,  and  of  the  ridge 
of  low  hills  at  their  base.  Captain  Strachey  infers  that  the  whole 
mass  has  been  raised  from  the  bottom  of  the  ocean  by  one  genei-al 
agency,  which  is  confirmed  by  its  geological  sti-uctm-e.  The 
quantity  of  granite  is  smaU,  and  very  rarely  expands  into  moun- 
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tain  massea.  Stratified  Crystalline  rocks,  especially  gneiss,  form 
the  crest  of  the  Himalaya  and  tlie  mountains  in  Tibet,  and  in  both 
Palaeozoic  beds  immediately  succeed  the  Crystalline.  But  the  most 
remarkable  feature  of  these  high  lands  is,  that  the  plain  of  Tibet 
is  of  comparatively  recent  origin,  consisting  of  a  deposit  of 
boulders  and  gravel  in  horizontal  strata,  rising  to  an  elevation  of 
about  15,000  ft.  without  any  sensible  disturbance.  In  the  plain  of 
Guge  bones  of  the  elephant,  rhinoceros,  horse,  and  a  new  species 
of  riuninants  occur  in  this  deposit;  creatures  whose  existence 
would  be  a  physical  impossibility  in  the  present  climate ;  so  that 
it  is  necessary  to  suppose  they  were  elevated  from  a  lower  situation 
by  some  great  geological  cataclysm.  A  very  long  line  of  the 
older  fossiliferous  rocks  about  20  or  30  m.  N.  of  the  great  Hima- 
layan peaks  must  have  been  a  sea  margin  from  the  earliest  period 
of  the  earth's  history  till  as  late  as  the  Oolitic  periods.  Tertiary 
strata  occur  in  the  Niti  Pass  17,000  ft.  above  the  sea,  and  even 
higher  still,  and  probably  the  plain  of  Tibet  was  raised  above  the 
sea  to  its  present  position  since  the  Tertiary  period.  There  had 
been  a  great  volcanic  outburst  near  the  sacred  lakes.  Hot  springs 
are  frequent  both  to  the  S.  and  N.  of  the  line  of  great  peaks. 

There  are  many  lakes  in  Tibet ;  that  of  Pangkong,  having  an 
area  of  6500  sq.  m.,  lies  in  a  serpentine  form  at  the  foot  of  the 
Karakoram  Mountains,  ai\d  occupies  a  valley  more  than  100  m. 
long,  bounded  on  the  southern  side  by  high,  rocky,  snow  capped 
moimtains,  and  on  the  N.  by  low  rounded  hills.  The  waters  of 
the  lake  are  sweet  and  drinljable  at  the  E.  end,  but  very  brackish 
at  the  "VV.  end ;  they  are  of  a  deep  blue  coIoot,  and  the  hills  present 
every  variety  of  lovely  and  briUiant  colouring.  The  Pangkong  is 
the  most  westerly  of  a  system  of  inland  lakes — all  new  to  geo- 
graphers except  Tengri-Nor — which  were  discovered  by  the  Pimdit 
Nain  Sing  in  his  journey  of  1874-5,  and  to  which  the  drainage  of 
the  vast  river  plateau  of  Tibet  converges  for  a  distance  of  800  m. 
Boracic  acid  exists  in  abimdance  in  the  hot  springs  of  Central 
,  Tuscany,  and  in  an  extinct  crater  in  the  island  of  Volcano,  but 
Tibet  is  the  only  comitry  in  the  world  where  native  tincal  or 
borate  of  soda  is  found. 

§  5.  Eastern  Tibet;  Provinces  of  Varkand  and  ZChotan. — 

Of  Eastern  Tibet  much  remains  to  be  explored,  and  the  Kuen-km, 
which  boimds  Tibet  on  the  N.,  is  not  well  known.  It  extends 
eastward,  perhaps,  from  the  Khotan  Darya  to  the  snowy  mountains 
of  Gm-bu-Naidji,  N.W.  of  the  Bukhanor  Lake.  The  Karakoram, 
or  Black  Gravel,  Mountains,  are  the  most  southerly  branch,  and 
chains  more  or  less  connected  with  these  form  an  elevated  moun- 
tain mass  round  lake  Koko-Nor,  nearly  in  the  centre  of  the  table- 
land from  whence  those  immense  mountain  ranges  diverge  which 
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render  tlie  S.W.  provinces  of  China  amongst  the  most  elevated 
regions  on  earth.^ 

Yarkand  and  Khotan,  provinces  of  E.  TurMstan,  lie  to  the  N.  and 
N.W.  of  the  Kuen-lim.  They  are  less  elevated  and  more  fertile  than 
Tihet ;  yet  it  is  so  cold  in  winter  that  the  River  Yarkand  is  frozen 
for  three  months.  The  soil  is  generally  sandy  and  free  from  stones 
and  rocks.  It  is  very  productive ;  Indian  com,  wheat,  barley, 
iDuck-wheat,  and  rice  grow  in  perfection;  olives,  pears,  apples, 
peaches,  apricots,  mulberries,  grapes,  currants,  and  melons  are  pro- 
duced of  good  size  and  flavour ;  cotton  and  raw  silk  abound.  A 
dense  forest  stretches  for  12  marches  between  Khotan  and  Aksu, 
two  of  the  chief  towns.  Gold  is  found  in  the  beds  of  the  streams 
which  flow  from  the  Kuen-lun,  and  numbers  of  men  are  at  work 
on  the  gold  flelds.  The  plains  are  watered  by  the  Kashgar, 
Yarkand,  Kyzil  Kimgei,  and  Khotan  Rivers  which  unite  to  form 
the  Tarim  or  Erguo.  Several  large  cities,  of  which  the  chief  are 
Yarkand,  Khotan  or  Ilchi,  Kashgar,  and  Aksu,  exist.  Yarkand,  the 
most  considerable  of  these,  is  the  emporium  of  commerce  between 
Tibet,  China,  Turkistan,  Bokhara,  Persia,  and  Russia.  Gold, 
rubies,  silk,  and  other  productions  are  exported.  This  country  is 
bounded  on  the  N.  by  the  Tartar  range  of  the  Thian-shan,  or 
Celestial  Mountains,  which  begin  N.E.  of  the  Pamir  plateau,  and, 
running  N.E.  between  the  40th  and  44th  parallel  N.  lat.,  sink 
to  the  Desert  of  Gobi,  about  the  centre  of  the  table-land ;  but, 
rising  again,  they  are  continued  under  the  name  of  Shan-Garjan, 
which  runs  to  the  N.E.  and  ends  on  the  shores  of  the  Japan 
Sea.  This  range  is  of  great  altitude ;  the  Bogda  Ola,  or  '  Holy 
Mountain,'  N.E.  of  Lake  Lop,  is  always  covered  with  snow, 
which  lies  deep  on  the  whole  chain  during  the  winter,  yet  little 
falls  on  the  jDlains  on  account  of  the  dryness  of  the  air.  There  are 
only  two  or  three  showers  of  rain  annually  on  these  mountains, 
which  last  for  a  very  short  time,  and,  as  in  Tibet,  the  drops  are  so 
minute  as  scarcely  to  wet  the  groimd,  yet  the  streams  from  them 
sufiice  for  irrigation. 

In  Tibet  granite  and  Palaeozoic  strata  prevail  without  any  in- 
dication of  volcanic  action,  except  hot  springs,  of  which  there  are 

1  The  authorities  for  the  matter  contained  in  this  chapter  are  Humboldt's 
^AsieCentrale;'  Keith  Johnston's  'Physical  Atlas;'  Captain  Strachey's 
<  Western  Tibet ;'  Moorcroft's  '  Journey  in  Tibet ; '  Dr.  Thomson's  'Western 
Himalaya  ■ '  Dr.  Hooker's  '  Sikkim  and  Nepal ; '  the  numerous  papers 
inxblishKl  by  the  officers  of  the  Trigonometrical  Survey  of  India  under  the 
able  direction  of  Colonel  Waugh,  and  by  others  in  the  'Journal  of  Asmtic 
Society  of  Calcutta; '  the  jom-neys  of  the  missionaries  Hue  and  Gabet  in 
Eastern  Tibet;  Introduction  to  Markham's  '  Tibet ;'  'Journal  of  Geog. 
Soc'  for  1875  ;  and  '  Geographical  Magazine  tor  June,  18/ fa. 
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many.  The  coimtry  between  the  Thian-shan  and  the  Altg,!"  is 
lakes,  swamps,  steppes,  and  deserts,  traversed  by  offsets  from  the 
Ala  Tau,  and  Ektag  Altai,  and  yields  some  pasturage  to  the 
flocks  of  the  wandering  Khirgiz.  All  the  plains  of  Mongolia 
are  intensely  cold  in  winter,  because  the  hills  to  the  N.  are  too 
low  to  screen  them  from  the  polar  blast,  and,  being  higher  than 
the  Siberian  deserts,  they  are  bitterly  cold :  no  month  in  the  year  is 
free  fi-om  frost  and  snow,  yet  it  is  not  deep  enough  to  prevent  cattle 
from  finding  pasture. 

§  6.  Besert  of  Gobi. — The  most  remarkable  feature  of  this 
part  of  the  table-land  is  the  Desert  of  Gobi,^  which  is  evidently 
the  bed  of  a  dried  up  lake.  It  occupies  an  area  of  300,000 
sq.  m.,  interrupted  only  by  a  few  spots  of  pasture  and  low  bushes. 
Extensive  tracts  are  flat  and  covered  with  small  stones  or  sand, 
and,  widely  separated  from  one  another,  are  low  hills  destitute 
of  wood  and  water.  Its  general  elevation  is  about  4000  ft.  above 
the  level  of  the  sea ;  but  it  is  intersected  from  W,  to  E,  by  a 
depressed  valley,  aptly  named  Shamo,  or  the  '  Sea  .of  Sand,'  con- 
taining salt.  W.  from  this  lies  the  Han-IIai,  the  '  Dry  Sea,'  a 
ban-en  plain  of  shifting  sand  blown  into  high  ridges.  Here,  as 
in  aU  deserts,  the  summer  sim  is  scorching,  no  rain  falls,  and  when 
thick  fog  occm's  it  is  only  the  precm-sor  of  fierce  winds.  Sandy 
deserts  occupy  much  of  the  coimtry  S.  of  the  Altai.  The  Gobi 
is  boimded  on  the  E.  by  the  In-shan  and  Khing-han  Mountains 
a  serrated  granitic  chain  running  from  S.  to  N.,  which  separates 
the  plateau  of  Mongolia  from  the  coimtry  of  Mandchiiria,  and 
joins  the  Yablomioi  branch  of  the  Altai  at  right  angles  about 
the  55th  degree  of  N.  latitude.  Little  more  is  known  of  the  S.E. 
part  of  the  table-land  than  that  it  is  a  mass  of  exceedingly  hio-h 
mountains.  In  fact,  between  the  som-ces  of  the  Brahmaputra  and 
the  Altai  chain,  1,000,000  sq.  m.  of  territory  are  covered  with 
mountains. 

The  extreme  dryness  of  all  the  table-land  N.  of  the  Himalaya 
aidses  from  the  direction  of  the  winds  and  the  great  height  of  these 
moimtains  and  the  southern  part  of  the  table-land  in  general. 
The  prevailing  winds  come  warm  and  moist  from  the  Indian 
Ocean,  and  their  vapour  is  more  and  more  condensed  into  rain 
as  they  pass  over  the  plains  of  India  and  the  lower  ranges  of  the 
Himalaya,  till  the  last  remains  of  moisture  fall  in  snow  on  the  tops 
of  these  mountains,  so  that  they  pass  to  the  N.  as  dry  rainless  winds. 

§  7.  The  Altai  Chain.— The  Altai  Mountains,  which  form 
the  northern  margin  of  the  table-laud,  are  unconnected  with  the 
Ural  cham :  they  are  separated  from  it  by  400  m.  of  a  low  marshy 


^  Go6t= literally,  a  waterless  barren  plain  almost  devoid  of 
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coimtry,  part  of  tlie  steppe  of  the  Kirgliiz,  and  by  the  Dalai  Moun- 
tains, a  range  never  exceeding  2000  ft.  in  height,  which  runs  be- 
tween the  64th  meridian  and  the  left  bank  of  the  Irtish.  The 
Altai  chain  rises  on  the  right  bank  of  the  river,  at  the  N.W. 
angle  of  the  table-land,  and  extends  in  a  serpentine  line  to  the 
Pacific,  S.  of  the  Gulf  of  Oldiotsk,  dividing  the  high  lands  of 
Tartary  and  China  from  the  wastes  of  Asiatic  Siberia.  Under 
various  names,  its  branches  skirt  the  N.W.  side  of  the  Sea  of 
Okhotsk ;  and  thence  stretching  to  Behring  Strait,  it  ends  at  East 
Cape,  the  most  eastern  extremity  of  the  old  continent,  the  whole 
length  of  the  chain  being  4500  m.  The  breadth  of  this  chain 
varies  from  400  to  1000  m.,  but  towards  the  105th  meridian  it  is 
contracted  to  about  150  by  a  projection  of  the  Desert  of  Gobi. 
Its  height  bears  no  proportion  to  its  length  and  breadth.  The 
Altai,  the  only  part  of  the  chain  properly  so  called,  consists  of  a 
succession  of  terraces  of  a  swelling  outline,  descending  step  by  step 
from  the  table-land,  and  ending  in  promontories  on  the  Siberian 
plains.  There  are  numerous  large  lakes  on  these  terraces  and  in 
the  valleys,  as  in  the  mountain  systems  of  Europe.  The  general 
form  of  this  part  of  the  chain  is  monotonous  from  the  prevalence 
of  straight  lines  and  smooth  rounded  outlines— long  ridges  with 
flattened  summits  or  small  table-lands  not  more  than  6000  ft, 
high,  which  rarely  attain  the  line  of  pei-petual  congelation  ; 
snow,  however,  is  permanent  on  the  Korgon  table-laud,  9900  ft. 
above  the  sea,  supposed  to  be  the  culminating  point  of  this  part  of 
the  chain.  These  table-lands  bear  a  strong  resemblance  to  those 
in  the  Scandinavian  Mountains  in  barrenness  and  sterility,  but 
their  flanks  are  clothed  vsdth  forests,  verdant  meadows,  and  pastoral 
valleys. 

§  8.  The  Sayansk,  Tangnou,  and  triangromula  Branches ; 
IWinerals  of  the  Altai  Range.— East  of  the  86th  meridian  this 
region  of  low  mountains  splits  into  three  branches,  enclosing 
longitudinal  vaUeys  for  450  m.  The  Sayansk  and  Tangnou  Moun- 
tains, which  are  the  northern  and  central  branches,  form  a  moun- 
tain knot  nearly  as  large  as  England,  which  projects  like  a  huge 
promontory  on  the  Siberian  plains  W.  of  Lake  Baikal,^  and  is 
celebrated  for  the  richness  of  its  mines.  The  third  branch,  which 
is  the  Ulano-omula,  lies  S.  of  Lake  Oubsa.  The  principal  part  of  the 
Bailcal  group  is  500  m.  long,  from  10  to  60  wide,  high,  and  snow 
capped,  and  said  to  be  without  glaciers.  It  flanks  Lake  Baikal 
on  the  N.,  the  largest  of  Alpine  lakes,  so  embedded  m  a  knot  ot 
mountains,  partly  granitic,  partly  volcanic,  that  rocks  and  pillars 
of  granite  rise  from  its  bed.    The  mountains  S.  of  the  lake  are  but 


1  Johnston's  « Physical  Atlns.' 
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tlie  face  of  tlie  table-land ;  a  traveller  ascending  them  finds  him- 
self at  once  on  the  Desert  of  Gobi,  wbich  stretches  in  unbroken 
monotonj'  to  the  great  wall  of  China. 

The  Daouria  Mountains,  a  volcanic  portion  of  the  Altai,  which 
iDorders  the  table-land  on  the  N.E.,  follow  the  Baikal  chain  ;  and 
farther  E.,  in  the  centre  of  the  Transbaikal  Province,  the  Altai  range 
takes  the  name  of  the  Yablonnoi  IDirebet,  which  runs  N.N.E.  till 
about  the  126th  meridian,  where  one  branch  turns  sharp  to  the  E,, 
and  stretches  S.  of  the  Gulf  of  Olchotsk  to  the  coast  of  the  Pacific 
•opposite  to  tlie  island  of  Saghalin ;  while  another  part,  1000  m, 
broad,  fills  the  space  between  the  Sea  of  Okhotsk  and  the  Eiver 
Lena,  and  then,  bending  to  the  N.E.,  ends  in  the  peninsula  of 
Kamtschatka.  Between  the  western  end  of  Lake  Baikal  and  the 
•  Yablonnoi  Khrebet  the  mountain  chains  are  parallel,  and  extend 
from  the  W.S.W.  to  the  E.N.E.,  which  is  the  general  direction  of 
the  high  lands  in  the  most  easterly  regions  of  Asia. 

A  great  part  of  the  Altai  chain  is  luilmown  to  Europeans ; 
especially  the  innimierable  branches  that  penetrate  the  Chinese 
empire ;  those  belonging  to  Russia  abound  in  a  great  variety  of 
precious  and  rare  metals  and  minerals— silver,  copper,  and  iron. 
In  the  Yablonnoi  range  and  other  parts  there  are  mountains  of 
porphyry,  with  red  and  green  jasper ;  coal  also  is  found ;  and  in  a 
branch  of  the  Altai  between  the  Eivers  Ob  and  Yenisei  there  are 
mines  of  coal  which,  having  been  set  on  fire  by  lightning,  have 
continued  to  burn  for  more  than  a  century.  The  Siberian^mouu- 
tains  far  surpass  the  Andes  in  the  richness  of  their  gold  mines, 
though  inferior  ^to  those  of  California  and  Australia.  The  eastern 
flank  of  the  Ural  chain,  and  some  of  the  northern  spurs  of  the 
Altai,  have  furnished  a  vast  quantity  of  that  precious  metal ;  but 
a  region  as  large  as  France  has  been  discovered  in  Siberia,  covered 
with  rich  gold  aUuvium.  The  precious  metals  of  the  Ural  and 
Altai  are  situated  principaUy  in  metamorphic  rocks,  adjacent  to 
the  gi-eenstones,  syenites,  and  serpentines  that  have  caused  their 
change  ;  and  as  the  same  formation  prevails  throughout  the  o-reater 
part  of  the  Altai  and  Aldan  chains  almost  to  Kamtschatka";  there 
IS  every  reason  to  believe  that  the  whole  of  that  vast  retrion  is 
auriferous  :  besides,  as  many  of  the  northern  oftsets  of  the"  Altai 
are  particularly  rich,  it  may  be  concluded  that  the  southern 
branches  m  the  Chinese  empire  are  equaUy  so.  Thus  S.  Siberia 
and  E.  Turkistan  form  an  auriferous  district,  probably  greater  in 
area  than  aU  Em-ope,  which  extends  even  to  our  dominions  in 
liindustan,  where  the  formations  containing  auriferous  deposits 
are  unexplored.^ 


Sir  Roderick  I.  Murchison. 
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§  9.  Geologrical  character  of  the  Higrh  X.ands  of  the  Old 

Continent. — The  sedimentary  deposits  in  this  extensive  mountain 
range  are  more  ancient  than  the  granite,  syenite,  and  porphyries 
consequently  these  igneous  rocks  have  not  here  formed  part  of  the 
original  crust  of  the  globe.  Kecks  of  the  Palceozoic  series  occupy 
the  greater  part  of  the  Altai,  and  probably  there  are  none  more 
modern.  There  are  no  volcanic  rocks,  properly  spealdng,  ancient 
or  modern,  W.  of  the  Yenisei ;  but  they  aboiuid  from  that  river 
to  Kamtschatka,  where  there  are  many  active  volcanoes. 

The  physical  characters  and  the  fossil  remains  of  this  extensive 
moimtain  system  have  little  relation  with  the  geological  formations 
of  Eiu-ope  and  America.    Eastern  Siberia  seems  even  to  form  an 
insulated  district  by  itself ;  and  that  part  between  the  town  of 
Yakutsk  and  the  mouth  of  the  Lena  appears  to  have  been  raised 
at  a  later  period  than  the  part  of  Siberia  stretching  westward  to 
the  Sayansk  Mountains ;  moreover,  the  most  distinguished  geo- 
logists have  found  that  the  low  land  of  Siberia  has  been  extended 
since  the  existing  species  of  molliisca  inhabited  the  northern  seas 
—a  circumstance  that  must  have  rendered  the  Siberian  climate 
still  more  severe,  and  materially  affected  that  of  all  the  northern 
parts  of  Europe  and  Asia.i    The  elevation  of  the  western  part  of 
the  Altai  was  probably  contemporaneous  with  that  of  the  Ural 
Mountains.   On  the  whole,  the  chains  in  the  direction  of  the  paral- 
lels of  latitude  in  the  old  continent  are  much  more  mmierous  and 
extensive  than  those  in  the  direction  of  the  meridian ;  and  as  tbey 
lie  chiefly  towards  the  equator,  the  internal  forces  that  raised 
them  were  probably  modified  by  the  rotation  of  the  earth. 

Such  is  the  stupendous  zone  of  high  land  that  girds  the  old 
continent  throughout  its  whole  length.    In  the  extensive  plains 
on  each  side  of  it  several  independent  moimtam  systems  rise,, 
though  much  inferior  to  it  in  extent  and  height. 

•1  From  the  observations  of  Sir  Roderick  I.  Miircliison,  M.  de  Yerneuil, 
M.  Middendorf,  and  Count  Keyserling. 
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CHAPTER  VI. 

SECOjSTDAKY  MOUNTAIIT  systems  of  the  great  COJTTINEN'T. 

§  1.  The  Scandinavian  System ;  Coast  of  Ifbrway  ; 
Faroe  Islands. — The  Great  Northern  phiin  is  broken  by  two 
masses  of  high  land,  in  every  respect  inferior  to  those  de- 
scribed ;  they  are  the  Scandinavian  S3^stem  and  the  Ural  Moun- 
tains, the  latter  forming  the  arbitrar}^  limit  between  Europe  and 
Asia. 

The  range  of  primary  mountains  which  has  given  its  form  to 
the  Scandinavian  peninsula  begins  at  Oape  Lindesnaes,  the  most 
southerly  point  of  Norway,  and,  after  running  along  its  western 
coast  1000  m.  in  a  N.E.  direction,  ends  at  Oape  North,  the  ex- 
tremity of  Europe,  on  the  Polar  Ocean.  The  mountains  do  not 
form  a  continued  ridge  or  chain,  but  a  series  of  broad  plateaux 
separated  at  Avide  intervals  by  deep  and  narrow  valleys.  The  most 
characteristic  of  these  table-lands  is  the  Dovre-fjeld,  3000  ft.  high, 
on  which  Sneehatten  rises  to  7566  ft.  In  the  northern  and  nar- 
rower part  of  the  peninsula  the  Kiolen  Mountains  assume  more  the 
form  of  a  ridge,  rising  in  Mount  Sulitelma  to  6150  ft.  (lat.  67°  30'), 
whence  it  falls  in  the  N.,  till  at  the  North  Oape  it  is  only 
1500  ft.  It  has  been  compared  to  a  huge  wave  or  billow,  rising 
gradually  from  the  E.,  which,  after  having  formed  a  crest,  faUs 
perpendicularly  into  the  sea  in  the  W.  It  is  estimated  that  nearly 
4000  sq.  m.  of  this  peninsula  rise  above  the  line  of  perpetual 
snow. 

At  the  distance  of  360  m.  from  Oape  Lindesnaes  the  mountains 
form  a,  single  elevated  mass,  terminated  by  a  table-land  which 
maintains  an  altitude  of  4500  ft.  for  100  m.  It  slopes  gradually 
towards  the  E.,  and  plunges  at  once  in  high  precipices  into  a  deep 
sea  on  the  W. 

The  siu-face  is  barren,  marshy,  and  bristled  with  peaks  ;  besides, 
an  area  of  600  square  leagues  is  occupied  by  the  Suae  Braen,  the 
most  extensive  continuous  mass  of  perpetual  snow  and  glaciers  on 
the  continent  of  Europe.  A  prominent  cluster  of  mountains  fol- 
lows, from  whence  a  single  chain,  25  m.  broad,  maintains  an  im-  . 
interrupted  line  to  the  Island  of  Mageroe,  where  it  terminates  its 
visible  career  in  North  Oape,  a  huge  barren  rock  perpetually  lashed 
by  the^  surge  of  the  Polar  Ocean,  but  for  the  correspondence  in 
geological  structure  it  must  be  continued  under  the  sea  to  where  it 
reappears  in  the  schistose  rocks  of  Spitzbergen.  Offsets  from  these 
moimtains  cover  Finland  and  the  low  rocky  table-land  of  Lapland ; 
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tlie  valleys  and  countries  along  tlie  eastern  side  of  the  cliain  abound 
in  forests  and  Alpine  lakes. 

The  iron  hound  coast  of  Norway  is  a  continued  series  of  rocky 
islands,  capes,  promontories,  and  precipitous  clifls,  rent  into  chasms, 
which  penetrate  miles  into  the  heart  of  the  mountains.  These 
chasms,  or  fjords,  are  either  partly  or  entirely  lilled  by  arms  of  the 
sea :  in  the  former  case  the  shores  are  fertile  and  inhabited,  and 
the  whole  country  abounds  in  the  most  picturesque  scenery. 
[Fjords  are  not  peculiar  to  the  coast  of  Norway ;  they  are  even 
more  extensive  in  Greenland  and  Iceland,  and  of  a  more  stern 
character,  overhung  by  snow  clad  rocks  and  glaciers. 

As  the  Scandinavian  mountains,  those  of  Faroe,  Britain, 
Ireland,  and  the  N.E.  parts  of  Iceland,  have  a  similar  character, 
.and  follow  the  same  general  directions ;  they  must  have  been 
elevated  by  forces  acting  in  parallel  lines,  and  therefore  may  be 
regarded  as  belonging  to  the  same  system. 

The  Faroe  Islands,  between  Norwaj'  and  Iceland,  rise  on  a 
table-land  2000  ft.  high,  bounded  by  precipitous  cliffs  which  dip 
into  the  ocean. 

§  2.  ZVIountains  of  Great  Britain  and  Ireland. — The  two 

groups  of  roclty  islands  of  Shetland  and  of  Orkney  form  part  of  the 
mountain  system  of  Scotland  ;  the  Orkney  Islands  ^  have  evidently 
been  separated  from  the  mainland  by  the  Pentland  Firth,  where 
the  currents  run  with  prodigious  violence.  The  N.W.  part  of 
Scotland  is  a  table-land  fi-om  1000  to  2000  ft.  high,  which  ends 
Abruptly  in  the  sea,  covered  with  heath,  peat  mosses,  and  pasture. 
The  general  direction  of  the  Scottish  mountains,  like  those  of 
Scandinavia,  is  from  N.E.  to  S.  W.,  divided  by  a  long  line  of  lakes 
in  the  same  direction,  extending  from  the  Moray  Firth  completely 
4S,cross  the  island  to  Loch  Linnhe  on  the  S.AV.  Lakes  of  the  most 
picturesque  beauty  aboimd  among  the  Scottish  mountains.  The 
Grampian  Hills,  with  their  offsets  and  some  low  ranges,  fill  the 
greater  part  of  Scotland  N.  of  the  Clyde  and  Forth.  Ben  Nevis, 
only  4406  ft.  above  the  sea,  is  the  highest  mountain  in  the  British 
Islands. 

The  E.  coast  of  Scotland  is  generally  bleak,  though  in  many 
|3arts  it  is  extremely  fertile,  and  may  be  cited  as  a  model  of  good 
cultivation ;  and  the  midland  and  southern  counties  are  not 
V  inferior,  either  in  the  quality  of  the  soil  or  the  excellence  of  the 
husbandry.  To  the  W.  the  country  is  wildly  picturesque ;  the 
Atlantic  coast,  penetrated  by  the  sea,  and  fringed  by  islands, 
bears  a  strong  resemblance  to  that  of  Norway. 


1  0;7me7//s?e»(Gael,  Orc  =  'awhale,'an(lmMis=«an  island ')  =  the  islands 
-pf  whales. 
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There  cannot  he  a  doubt  that  the  Ilehrides  formed  part  of  the 
mainland  at  some  remote  geological  period  since  they  ^ol  o^Y  the 
direction  of  the  mountain  system  in  two  parallel  hnes  of  ^^^^^^^^ 
nio'o-ed  and  imposing-  aspect,  never  exceeding  the  height  ot  62m 
ft  "The  rmdidating  country  on  the  borders  of  Scotland  becomes 
hi'o-her  in  the  AV.  of  England  and  N.  Wales,  where  the  hills  are 
wild ;  but  the  valleys  are  cultivated  like  gardens,  and  the  EnglisJi 
lake  scenery  is  of  the  most  gentle  beauty. 

Evero-reen  Ireland  is  girdled  by  mountains,  and  opposes  to  the 
Atlantic°storms  an  iron  bound  coast  of  the  wildest  aspect;  but  it 
'  is  rich  in  arable  land  and  pasture,  and  possesses  the  most  pic~ 
tm-esciue  lake  scenery.  Indeed,  freshwater  lakes  in  the  mountain 
vaUeys,  so  peculiarly  characteristic  of  the  European  system,  are 
the  great  ornaments  of  the  high  lands  of  Britain. 

§  3   Geological  Uniformity   of  the  Scandinavian  anffl 
Britisii  iVlountain  Systems.— The  similarity  in  form  of  Scan- 
dinavia, and  Scotland  with  its  islands,  and  the  N.  of  Ireland,  arises 
fi-om  the  similarity  in  their  geological  structure,  aU  being  formed  of 
crystalline,  mixed  with  volcanic  rocks.     Even  the  Imver  Paltsozoic 
strata,  which  constitute  the  mountains  of  Norway,  reappear  in  the 
midland  and  southern  coimties  of  Scotland,  and  in  the  N.  of 
Ireland  ;  and  are  developed  on  either  side  of  St.  George's  Channel, 
and  in  AVales,  where  they  are  of  enormous  thiclmess.    Almost  the 
whole  of  Ireland,  and  the  central  parts  of  England,  belong  to  the 
upper  Falceozoie  series  :  and  the  Old  lied  Sandstone,  many  hundred 
feet  thick,  stretches  from  sea  to  sea  along  the  flanks  of  the  Gram- 
pians.   The  Coed  strata  are  developed  on  a  great  scale  in  the  S.  of 
Scotland  and  the  N.  of  England.    Examples  of  every  formation, 
except  the  muschelhalk,  are  to  be  found  in  these  islands.  Volcanic 
fires  had  been  very  active  in  early  times,  and  nowhere  is  the 
columnar  structure  more  beautifully  exhibited  than  in  the  basaltic 
cliffs  of  Fingal's  Cave  and  the  Storr  of  Skye,  in  the  Hebrides ; 
and  in  the  IST.  of  Ireland  a  base  of  800  sq.  m.  of  mica  slate  is 
'covered  with  volcanic  rocks,  which  end  on  the  coast  in  the 
magnificent  columnar  precipices  of  the  Giant's  Causeway.  Various 
parts  of  the  British  Islands  were  dry  land  while  most  of  the  conti- 
nent of  Em-ope  was  yet  below  the  ancient  ocean.     The  high  lands 
of  Lammermuir  and  the  Grampian  Hills  in  Scotland,  and  those  of 
Cumberland  in  England,  were  raised  before  the  Alps  had  begun  to 
appear  above  the  waves. 

§  4.  Tbe  Ural  Chain.— The  Ural  chain,  betAveeu  Europe  and 
Asia,  is  the  only  interruption  to  the  level  of  the  great  northern 
plain,  and  is  altogether  unconnected  with,  and  far  separated  from, 
the  Altai  Mountains  by  tundras,  i^lains,  and  steppes.  The  central 
ridge  may  be  traced  from  between  the  Lake  of  Aral  and  the  Cas- 
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pian  Sea  to  the  nortliern  extremity  of  Jsovaia  Zeuilia,  a  distance 
of  more  tlran  1700  m. ;  but  as  a  chain  it  really  begins  on  the  right 
bank  of  the  Ural  River,  at  the  steppes  of  the  liirghiz,  about  the  Gist 
degree  of  X.  latitude,  and  runs  due  N.  in  a  long  narrow  ridge  to 
the  Karskaia  G  ulf  of  the  Kara  Sea,  in  the  Polar  Ocean,  though  it 
may  be  said  to  terminate  in  dreary  rocks  on  the  W.  side  of  Novaia 
Zemlia.  The  southern  portion  of  the  Ural  range  is  about  the  height 
of  the  mountains  in  the  Black  Forest  and  the  Vosges :  and,  with  few 
exceptions,  it  is  wooded  to  the  top,  chiefly  by  the  Pinus  cembra. 
The  great  mineral  riches  of  these  moimtains — gold,  platinum, 
magnetic  iron,  and  copper — are  situated  on  the  Sibeiian  de-' 
clivity,  and  mostly  between  54°  and  G0°  N.  lat. :  the  only  part 
that  is  colonised,  and  one  of  the  most  industrious  and  civilised 
regions  of  the  Russian  empire.    To  the  S.  the  chain  is  pastoral, 
about  100  m.  broad,  consisting  of  parallel  and  longitudinal  ridges, 
the  highest  of  which  does  not  exceed  8500  ft. :  in  this  portion 
diamonds  are  foimd.    The  Northern  Ural,  which  extends  from  the 
sources  of  the  Petchora,  and  N.  of  Petropaulovsk,  is  stiU  more 
elevated :  it  has  been  carefully  explored  by  the  Russian  Govern- 
ment as  far  as  lat,  68°  30',  where  is  situated  the  Konstaninow 
Ivamen  :  the  average  height  is  about  3000  ft. ;  among  its  loftiest 
peaks  are  the  Toll  Poss"(5433  ft.)  and  Ivonjakofsky  (5397  ft.)  : 
no  part  of  the  range  is  covered  with  perpetual  snow,  although  in 
the  mountains  of  Norway,  in  the  same  latitude,  the  snow  line 
descends  to  3000  ft.    Throughout  the  Ural  Mountains  there  are 
neither  precipices,  transverse  gorges,  nor  any  of  the  characteristics 
of  a  high  chain ;  the  descent  on  both  sides  is  so  gentle  that  in  many 
places  it  is  difficult  to  know  where  the  plain  begins ;  and  the  road 
over  the  chain  from  Russia  by  Ekaterinbm-g  is  so  low  that  it  hardly 
seems  to  be  a  moimtain  Pass.  The  gentle  descent  and  sluggishness 
of  the  streams  produce  extensive  marshes  along  the  Siberian  base 
of  the  range.    Oolonel  Hoffman  found  these  mountains,  on  the 
western  side,  to  be  composed  of  Silurian,  Devonian,  and  Carbo- 
Biferous  rocks,  more  or  less  altered  and  metamorphosed ;  on  the 
eastern  declivity  the  mines  are  in  metamorphic  strata,  mixed  with 
masses  of  igneous  origin ;  and  the  central  axis  is  of  quartzose  and 
chloritic  rocks. 

§  5.  The  Great  OTorthern  Plain. — The  great  zone  of  high 
land  which  extends  along  the  old  continent  from  the  Atlantic  to 
the  shores  of  the  Pacific  Ocean  divides  the  low  lauds  into  two 
Tery  unequal  parts.  That  to  the  N.,  only  broken  by  the  Uml 
range  and  the  Valdai  table-land  of  still  less  elevation,  stretches 
from  the  Thames  or  the  British  hills  and  the  N.  bank  of  the 
Seine  to  Behring  Strait,  including  more  than  190  degrees  of  lon- 
gitude, and  occupying  an  area  of  about  5,300,000  sq.  m.  at  least,  a 
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third  more  than  the  whole  of  Em-ope.  The  greater  part  of  it  is 
perfeetiy  level,  with  a  few  elevations  and  low  hills,  and  in  many 
places  a  dead  level  extends  hundreds  of  miles.  The  country 
between  the  Carpathian  and  Ural  Mountains  is  a  flat,  on  which 
there  is  scarcely  a  rise  in  1500  m. ;  and  in  the  steppes  of  S. 
Eussia  and  Siberia  the  extent  of  level  ground  is  iniiuense.  The 
mean  height  of  the  level  provinces  of  France  is  480  ft.  Moscow, 
the  highest  point  of  the  Em-opean  plain,  is  also  480  ft.  high,  from 
whence  the  laud  slopes  imperceptibly  towards  the  sea,  both  on  the 
N.  and  S.,  till  it  dips  below  its  level.  Holland,  on  one  side,  would 
be  overflowed,  were  it  not  for  its  dykes,  and  towards  Astraldian 
the  plain  sinks  still  lower.  With  the  exception  of  the  plateau  of 
•TJst-Urt  (500  to  600  ft.),  situated  between  the  Caspian  and  Lake 
Aral,  and  which  may  be  considered  the  extreme  southern  point  of 
the  Ural  chain,  the  whole  of  that  extensive  country  N.  and  E.  of  the 
baspian  Sea,  and  around  the  Lake  of  Aral,  forms  a  vast  cavity  of 
18,000  square  leagues,  all  considerably  below  the  level  of  the  ocean ; 
and  the  surface  of  the  Caspian  Sea  itself,  the  lowest  point,  has  a 
depression  of  84  ft. 

The  Em-opean  part  of  the  plain  is  highly  cultivated  and  very 
productive  in  the  more  civilised  countries  in  its  western  and  middle 
i-egions  and  along  the  Baltic.  The  greatest  amount  of  cultivated 
land  lies  to  the  N.  of  the  watershed  which  stretches  from  the  Oar- 
.pathians  to  the  centre  of  the  Ural  chain,  yet  there  are  large  heaths 
which  extend  from  the  extremity  of  Jutland  through  Luneberg 
and  Westphalia  to  Belgiiun.  The  land  is  of  excellent  quality  to 
•the  S.  of  it.  Eoimd  Polkova  and  Moscow  there  is  an  extent  of  the 
finest  vegetable  mould,  equal  in  size  to  France  and  the  Spanish 
peninsula  together,  which  forms  part  of  the  High  Steppe,  and  is 
mostly  in  a  state  of  natm-e. 

A  large  portion  of  the  great  plain  is  pasture  land,  and  wide 
tracts  are  covered  with  natural  forests,  especially  in  Poland  and 
Russia,  where  there  are  millions  of  acres  of  pine,  lii',  and  deciduous 
trees. 

The  quantity  of  waste  land  in  Europe  is  very  great,  and  there 
fire  also  many  swamps.  A  morass  as  long  as  England  extends 
from  the  52nd  parallel  of  latitude,  follovnng  the  course  of  the 
Pdver  Pripet,  a  branch  of  the  Dnieper,  which  runs  through  its 
■centre.  There  are  swamps  at  the  mouths  of  many  of  the  sluggish 
i-ivers  in  Central  Europe.  They  cover  1970  sq.  m.  in  Denmark, 
and  mossy  quagmires  occur  frequently  in  the  more  northerly 
parts. 

Towards  the  E.  extremity  of  Em-ope  the  great  plain  assumes 
the  peculiar  character  of  desert  called  a  steppe,  a  word  of  Sclavonic 
origin,  signifying  uncultivated  waste  land :   hence  the  steppes 
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may  vary  according  to  the  nature  of  tlie  soil.    They  commence 
at  the  River  Dnieper  and  extend  along-  the  shores  of  the  Black 
Sea.    They  include  all  the  country  N.  and  E.  of  the  Caspian 
Lake  and  Independent  Tartary ;  and,  passing  between  the  Ural  and 
Altai  Mountains,  they  may  he  said  to  occupy  all  the  low  lands  of 
Siberia.    Hundreds  of  leagiies  lu  ay  be  traversed  E.  from  the  Dnieper 
without  variation  of  scene.    A  dead  level  of  thin  but  luxuriant 
pasture,  bounded  only  by  the  horizon,  day  after  day  the  same 
imbroken  monotony  fatigues  the  eye.    Sometimes  there  is  the 
appearance  of  a  lake,  which  vanishes  on  approach,  the  phantom  of 
atmospheric  refraction.    Horses  and  cattle  beyond  nmnber  give 
some  animation  to  the  scene,  so  long  as  the  steppes  are  green ;  but 
winter  comes  in  October,  and  then  they  become  a  tracldess  field  of 
spotless  snow.  Fearful  storms  rage,  and  the  dry  snow  is  driven  by 
the  gale  with  a  violence  which  neither  man  nor  animal  can  resist^ 
while  the  sky  is  clear  and  the  sun  shines  cold  and  bright  above  the 
earthly  turmoil.    The  contest  between  spring  and  winter  is  long 
and  severe,  for 

Winter  oft  at  once  resumes  the  breeze, 

Chills  the  pale  mora,  and  bids  his  driving  sleets 

Deform  the  day,  delightless. 

Yet  when  gentler  gales  succeed,  and  the  waters  run  off  in  torrents 
through  the  channels  which  they  cut  in  the  soft  soil,  the  earth  is 
again  verdant.  The  scorching  summer's  sun  is  as  severe  in  its  con- 
sequences in  these  wild  regions  as  the  winter's  cold.  In  June  the 
steppes  are  parched,  no  shower  falls,  nor  does  a  drop  of  dew  refresh, 
the  thirsty  and  rent  earth.  The  sim  rises  and  sets  like  a  globe  of 
fire,  and  during  the  day  he  is  obscured  by  a  thick  mist  from  the 
evaporation.  In  some  seasons  the  drought  is  excessive  :  the  air  is^ 
filled  with  dust  in  impalpable  powder,  the  springs  become  dry,  and 
cattle  perish  in  thousands.  Death  triumphs  over  animal  and  vege- 
table nature,  and  desolation  tracks  the  scene  to  the  utmost  verge  of 
the  horizon,  a  hideous  wreck. 

Much  of  this  countiy  is  covered  by  an  excellent  but  thin  soil, 
fit  for  corn,  which  grows  liLxuriautly  wherever  it  has  been  sown : 
but  a  stift"  cold  clay  at  a  small  distance  below  the  sm-face  Idlls 
every  herb  that  has  deep  roots,  and  no  plants  thrive  but  those 
wMch.  can  resist  the  exti-eme  vicissitudes  of  climate.  A  very  wide 
range  is  hopelessly  barren.  The  country  from  the  Caucasus,  along 
the  shores  of  the  Black  and  Caspian  Seas— a  dead  flat,  t-svice  the 
size  of  the  British  Islands— is  a  desert  destitute  of  fresh  water. 
Saline  efflorescences  cover  the  surface  like  hoar  frost.  Even  the 
atmosphere  is  saline,  and  many  salt  lakes  in  the  neighbomhood  of 
Astralvhan  furnish  great  quantities  of  common  salt.  Saline  p)lants, 
with  patches  of  verdiu-e  few  and  far  between,  are  the  only  signs  of 
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vegetable  life,  but  about  Astrakhan  there  ia  soil  and  cultivation. 
'Some  low  hills  occur  in  the  cotmtry  between  the  Caspian  and  the- 
Lake  of  Aro.1,  the  desert  of  Ust-Urt,  but  it  is  mostly  an  ocean  of 
shifting  sand,  often  driven  by  appalling  whirlwinds. 

Western  Turlristan  is  a  sandy  desert,  except  on  the  banks  of 
the  Oxus,  the  Zerafshan,  and  the  Jaxartes,  and  as  far  on  each  side 
of  these  rivers  as  canals  can  convey  the  fertilising  waters.  To  the 
N.  barrenness  gives  place  to  verdiu-e  between  the  River  Ural 
and  the  nioimtains  of  Central  Asia,  where  the  steppes  of  the- 
Kirghiz  afibrd  pastm-e  to  thousands  of  camels  and  cattle,  the  riches- 
of  these  wandering  hordes. 

Siberia  is  either  a  dead  level  or  undulating  surface  of  vast- 
extent  lying  between  the  North  Pacific  and  the  Ural  Mountains,, 
the  Polar  Sea  and  the  Altai  range,  whose  terraces  and  offsets  end 
on  these  plains,  like  headlands  and  promontories  in  the 'ocean.. 
M.  Middendorf,  indeed,  met  with  a  chain  of  most  desolate  moun- 
tains on  the  shores  of  the  Polar  Sea,  in  the  country  of  the 
Samoiedes ;  and  the  almost  unapproachable  coast  far  to  the  E.  is. 
imexplored.  The  mineral  riches  of  tbe  mountains  have  brought 
together  a  population  who  inhabit  towns  of  some  importance  along 
the  base  of  the  Ural  and  Altai  chains,  where  the  soil  yields  good 
crops  and  pasture  ;  and  there  are  forests  on  the  slopes  of  the  moun- 
tains and  on  the  plains.  There  are  many  hundred  square  miles  of" 
rich  black  mould  covered  with  trees  and  grass  uninhabited,  between 
the  River  Tobol  and  the  upper  course  of  the  Ob,  within  a  climate 
where  corn  woidd  s-row  ;  but  this  valuable  district  is  studded  with 
small  lakes  of  salt  and  fresh  water,  a  chain  of  which,  300  m.  long^ 
skirts  the  base  of  the  Ural  Mountains. 

North  of  the  62nd  parallel  of  latitude  corn  does  not  ripen,  on 
account  of  the  biting  blasts  from  the  Icy  Ocean  which  sweep 
supreme  over  these  unprotected  wastes.  In  a  higher  latitude  even 
the  interminable  forests  of  gloomy  firs  are  seen  no  more ;  all  is  a 
wide  spreading  desolation  of  salt  steppes,  boimdless  swamps,  ani 
lakes  of  salt  and  fresh  water.  The  cold  is  so  intense  there  that  the 
spongy  soil  is  perpetually  frozen  to  the  depth  of  some  hundred  feet 
below  the  sm-face ;  and  the  surface  itself,  not  thawed  before  the  end 
of  June,  is  again  ice  bound  by  the  middle  of  September,  and  deep, 
snow  covers  the  ground  nine  or  ten  months  in  the  j^ear.  Plappily 
gales  of  wind  are  not  frequent  during  winter,  but  when  they  do' 
occm*  no  living  being  ventures  to  face  them.  Admiral  Wrangel,. 
who  travelled  during  the  most  intense  cold  from  the  mouth  of  the- 
River  Kolyma  to  Behriug  Strait,  gives  an  appalling  account  of  these 
deserts.  '  Here  endless  snows  and  ice  covered  rocks  bound  the 
horizon,  nature  lies  shrouded  in  all  but  perpetual  winter,  life  is  a. 
constant  conflict  with  privation  and  with  the  terrors  of  cold  and 
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liimger — the  g-rave  of  nature,  v/liicli  contains  only  tlie  'bones  of 
another  world.  The  people,  and  even  the  snow,  smoke  ;  and  this* 
evaporation  is  instantly  changed  into  millions  of  needles  of  ice, 
which  make  a  noise  in  the  air  like  the  sound  of  torn  satin  or  thiclt 
sillc.  The  reindeer  take  to  the  forest,  or  crowd  together  for  heat ; 
and  the  raven  alone,  the  dark  hird  of  winter,  still  cleaves  the  icy 
air  with  slow  and  heavy  wing,  leaving  hehiud  him  a  long  line  of 
thin  vapom-,  marking  the  track  of  his  solitary  flight.  The  trunks 
of  the  thickest  trees  are  rent  with  a  loud  noise,  masses  of  rock  are 
torn  from  their  sites,  the  groimd  iu  the  valleys  is  rent  into  yawning 
fissures,  from  which  the  waters  that  are  vmderneath  rise,  giving  olf 
a  cloud  of  vapour,  and  immediately  hecome  ice.  The  atmosphere 
hacomes  dense,  and  the  glistening  stars  are  dimmed.  The  dogs  out- 
side the  huts  of  the  Siberians  hurrow  in  the  snow,  and  their  howling, 
at  intervals  of  six  or  eight  hours,  interrupts  the  general  silence  of 
winter.'  ^  Iu  many  parts  of  Siberia,  however,  the  smi,  though  long 
absent  from  these  dismal  regions,  does  not  leave  them  to  utter 
darkness.  The  extraordinary  brilliancy  of  the  stars,  and  the 
gleaming-  snowlight,  produce  a  kind  of  twilight,  which  is  aug- 
mented by  the  splendid  coruscations  of  the  aurora  borealis. 

The  scorching  heat  of  the  summer's  sun  produces  a  change  like 
magic  on  the  southern  provinces  of  the  Siberian  wilderness.  The 
snow  is  scarcely  gone  before  the  ground  is  covered  with  verdure, 
and  flowers  of  various  hues  blossom,  bear  their  seed,  and  die 
in  a  few  months,  when  winter  again  resimies  its  empire.  A  still 
shorter  lived  vegetation  scarcely  covers  the  plains  in  the  far 
north,  and,  on  the  shores  of  the  Icy  Sea,  even  reindeer  moss  grows 
scantily. 

The  abundance  of  fur  bearing  animals  in  the  less  rigorous  parts 
of  the  Siberian  deserts  has  tempted  the  Eussians  to  colonise  and 
build  towns  on  these  frozen  plains.  Yakutsk,  on  the  River  Lena, 
in  62°  1'  30"  N.  lat.,  is  probably  the  coldest  town  on  the  earth. 
The  ground  is  perpetually  frozen  to  the  depth  of  more  than  400  ft., 
of  wiaich  3  ft.  only  are  thawed  in  summer,  when  the  thermometer 
is. frequently  77°  in  the  shade;  but,  as  there  is  in  some  seasons  no 
frost  for  four  months,  larch  forests  cover  the  ground,  and  wheat 
and  rye  produce  from  fifteen  to  forty  fold.  In  winter  the  cold  is 
so  intense  that  mercury  is  constantly  frozen  for  two  mouths,  and 
occasionally  even  for  three, 

1  In  1820  Admiral  (then  Lieutenant)  Wrangel  travelled  from  the  mouth 
of  the  Kolyma  to  Behring  Strait  on  sledges  drawn  by  dogs,  and  made  a 
bold,  but  vain,  attempt  to  reach  the  North  Pole.  Lieutenant  Anjou  at  the 
Ramc  time,  sailed  from  the  moutli  of  the  KiverTana.  reached  70  30  ot  uortU 
latitude,  and  passed  round  the  group  of  islands  of  Xew  Siberia. 
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CHAPTER  vn. 

THE  SOTJIHEEH  LOW  LANDS  OP  THE  GllEAT  CONTINENX. 

§  1.  The  Climatic  Character  of  the  Sooithem  low  Siands. 

— The  low  lauds  to  the  S.  of  the  great  mountain  girdle  of  the  old 
•contiuent  are  much  broken  hy  its  oftsets,  by  separate  groups  of 
mountains,  and  still  more  by  the  deep  indentations  of  bays  and  large 
•..seas.  Situated  in  lower  latitudes,  and  sheltered  by  mountains  from 
the  cutting  Siberian  winds,  these  plains  are  of  a  more  tropical  cha- 
lacter  than  those  to  the  N. ;  but  they  are  strikingly  contrasted  in 
their  diiFerent  parts — either  ricb  in  all  the  exuberance  that  heat, 
moistm-e,  and  soil  can  produce,  or  covered  by  wastes  of  bare  sand 
— in  the  most  advanced  state  of  cultivation,  or  in  the  wildest  garb 
of  natiu'e. 

The  barren  parts  of  the  low  lands  lying  between  the  eastern 
.  shores  of  China  and  the  Indus  bear  a  small  proportion  to  the  riches 
of  a  soil  vivified  by  tropical  warmth  and  watered  by  the  periodical 
immdations  of  the  mighty  rivers  that  burst  from  the  icy  regions  of 
Tibet  and  the  Himalaya.  On  the  contrary,  the  favoured  regions  in 
that  part  of  the  low  lands  lying  between  the  Persian  Gulf,  the 
Euphrates,  and  the  Atlas  Mountains,  are  small  when  compared  with 
■  the  immense  expanse  of  the  Aa-abian  and  African  deserts  scorched 
by  a  tropical  sun.  The  blessing  of  a  mountain  zone,  pouring  out 
its  everlasting  treasiu'es  of  moistm'e,  the  life  blood  of  the  soil,  is 
nowhere  more  strikingly  exhibited  than  in  the  contrast  formed  by 
these  two  regions  of  the  globe. 

§  2.  The  Tartar  Country  of  I^andchuria ;  Russian 
Colonisation  on  the  Amur. — The  Tartar  country  of  Mandchuria, 
watered  by  the  southern  tributaries  of  the  Amur,  is  a  varied 
region  of  wooded  mountains  and  fertile  river  valleys,  bounded  on 
the  W.  by  the  moving  sands  of  the  Gobi  Desert. 

The  Russians,  by  gradual  encroachments,  were  vii'tuaUy  in 
possession  of  this  country  before  the  Chinese  war  of  1860 ;  but 
the  district  of  the  Amur  (Amurskaya),  together  with  an  extensive 
region  along  the  coast  to  the  S.,  bounded,  on  the  W.,  by  the  Usm-i, 
and  on  the  S.  by  the  River  Tumen,  was  ceded  to  them  by  treaty. 
By  this  cession  Russia  obtained  a  harbour  (Possiet  Bay)  in 
lat.  42°  30',  in  the  Sea  of  Japan,  which  is  open  to  vessels  nearly  all 
the  year  round,  and  thus  possesses' great  advantage  over  Nicolaievsk 
at  the  mouth  of  the  Amur,  which  is  closed  by  ice  for  5  months  in 
the  year.  A  little  to  the  N.  of  Possiet  Harbour  is  Guferin  Gulf, 
from  which,  by  means  of  the  Suifim  and  Lefu  Rivers,  there  is  water 
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communication  (with  a  portage  of  only  a  few  miles)  from  tlies'; 
southern  possessions  to  tlie  Usuri  lliver,  which  latter  is  navigable 
hy  steam  vessels  nearly  its  whole  length  into  the  Amur.    In  this 
extensive  coimtry  there  are  now  43,000  Russian  colonists,  and 
the  whole  population  amounts  to  44,400,  spread  over  an  area  oi" 
about  172,892  sq.  m.    Near  the  coast  stretches  the  range  of  the 
Sikhota  Alin  Mountains,  and  the  coimtry  possesses  forests  of 
valuable  timber  ;  but  there  are  areas  capable  of  feeding  thousands 
of  cattle,  and  of  producing  European  grains  to  an  unlimited 
extent.    In  the  N.,  the  mountains  of  the  Upper  Amur  abound  in 
fine  forests  of  oak,  and  are  rich  in  gold,  silver,  and  iron.    Gold  is 
found  in  all  the  tributaries  of  the  Amiu'  that  have  their  sources  in 
these  moimtaius ;  but  mining  operatioils  are  limited  to  about  4 
months,  on  account  of  the  severity  of  the  climate. 

The  Kirghis  occupy  a  region  of  Central  Asia  lying  between 
Siberia  and  the  northern  provinces  of  China  that  consists  of  vast 
steppes  or  plains,  of  which  the  sandy  Desert  of  Gobi  is  the  most 
extensive.  They  are  luxuriant  with  grass  and  wild  flowers 
for  a  few  weeks  in  spring,  when  they  are  covered  with  innu- 
merable groups  of  herds  and  flocks,  which,  although  niuubered 
by  tens  of  thousands,  appear  only  like  spots  on  these  all  but 
boimdless  plains.  In  summer,  whirlwinds  sweep  over  the  withered 
grass  of  this  burning  waste,  and  clouds  of  dust  suffocate  both  man 
and  beast ;  in  winter,  icy  gales  of  irresistible  fm-y  blind  -ttitli  snow 
and  freeze  to  death.  Then  the  inhabitants  take  shelter  with  their 
flocks  and  herds  in  villages,  or  groups  of  dwellings,  which  are 
something  between  huts  and  tents.  They  are  the  descendants  of 
a  race  of  conquerors;  many  of  their  chiefs  trace  their  descent 
from  Tamerlane,  others  from  Genghis  Khan ;  they  are  dignified 
and  brave,  and  are  daring  horsemen. 

Such  are  the  people  that  the  Eussians  have  now  brought  into 
subjection,  and  have  surrounded  by  fortified  settlements,  in  order 
to  add  to  the  warlike  population  of  the  empire  some  hundred 
thousand  horsemen  whose  military  spirit  and  power  of  endurance 
are  probably  unequalled.  They  have  already  got  possession  of  a 
laro-e  territory  containing  silver  mines  of  immense  value  in  ex- 
change for  some  gaudy  trifling  ornaments.  Thus  within  a  few 
years  Russia  has  extended  her  boundaries  southwards  to  the  Oxus 
and  the  Kara  Tau  Mountains,  and  added  to  her  enormous  empire 
a  territory  exceeding  in  extent  France,  Spain,  and  Italy,  rich 
beyond  expression  in  the  precious  metals,  iron,  and  coal,  and 
including  all  the  great  lines  of  communication  on  which  the 
commerce  between  the  east  and  the  west  depended.  Already  the 
foundries  furnish  the  Russian  steam  navy  in  the  North  Pacific 
with  guns  and  machinerv,  and  they  expect  in  a  short  time  to  super- 
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•.sede  the  Britisli  manufactures  in  all  kinds  of  cutlery  and  muskets, 
'The  Russians  will  prohahly  go  on  enlarging-  their  horders  in  this 
direction  until  they  touch  the  British  irontiers ;  and  such  is  the 
activity  and  skill  with  which  that  people  improve  their  advan- 
tages, that  it  will  require  all  the  enterprise  of  our  merchants,  and 
that  of  the  other  European  nations,  and  the  superior  quality  of 
their  goods,  to  prevent  Russia  from  obtaining  the  entire  and  exclu- 
sive commerce  of  Eastern  Asia.' 

In  the  Corea  there  are  cultivated  plains  at  the  base  of  its  central 
mountain  range. 

§  3.  Plain  of  Chima ;  Smig^ration  of  Cbinese  to  Britisli 
•Colonies. — China  is  the  most  productive  country  on  the  face  of 
1:he  earth  ;  an  alluvial  plain  of  210,000  sq.  m.,  formed  by  one  of 
the  most  extensive  river  systems  in  tlie  old  world,  occupies  its 
eastern  part.  This  plain,  7  times  the  size  of  Lombardy,  is  no  less 
fertile,  and  well  irrigated  by  canals.  The  Great  Canal  traverses 
its  eastern  part  for  700  m.,  of  which  600  are  in  a  straight  line 
of  considerable  breadth,  with  a  current  in  the  greater  part  of  its 
com-se.  Most  of  the  plain  is  laid  out  in  rice  and  garden  groimds, 
the  whole  cultivated  with  the  spade.  The  tea  plant  grows  on 
low  hills  between  .30°  and  32°  N.  lat.,  offsets  from  the  Pe-ling 
•chain.  The  cold  in  winter  is  much  greater  than  in  corresponding 
latitudes  in  Eiu-ope,  and  the  heat  in  smumer  is  proportionally 
■excessive. 

Notwithstanding  the  great  fertility  of  China,  and  the  extent  of 
^arable  laud,  the  people  are  always  pressed  for  the  means  of  subsist- 
ence, and  they  never  were  more  so  than  now  when  the  popidation 
amounts  to  405,000,000  ;  hence  emigration  is  going  on  to  a  large 
extent  to  Australia,  California,  and  even  the  Antilles.  Queen 
Victoria  has  at  present  at  Hong  Kong,  in  her  Malayan  colonies,  and 
in  Australia,  more  than  a  quarter  of  a  million  of  Chinese  subjects. 
This  singular  people,  more  laborious  and  ingenious  than  the  most 
ci\'ilised  of  the  Asiatic  nations,  is  so  much  addicted  to  commercial 
intercourse  with  strangers  that  it  will  depend  upon  ourselves  to 
improve  it  to  the  best  advantage.  The  Russians  have  had  for 
many  years  a  religious  establishment  at  Pekin,  but  of  late  there 
have  been  attached  to  it  men  of  science,  miners,  geologists,  and 
astronomers,  by  whose  observations  it  appears  that  China  abounds 
in  PaliEozoic  rocks  with  many  ores  and  metals,  vast  and  rich  coal 
fields,  and,  with  a  most  productive  soil,  forms  a  wondrous  mine  of 
wealtli,  which,  when  opened  out  to  Europeans,  may  operate  gTeater 


^  The  Khanate  of  Kliokaud  was  absorbed  into  the  Russian  empire  i 
March  187G,  and  formed  into  a  new  government  called  Ferghana. 
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changes  in  our  international  relations  tlian  all  tlie  gold  of  Cali- 
fornia, Australia,  or  Britisli  OolnmlDia.^ 

§  4.  Physical  Features  of  the  Indo-Chinese  Peninsula. — 

The  Indo-Chinese  peninsula,  lying  between  China  and  the  Brahma- 
putra Kiver,  has  an  area  of  77,700  sq.  m.,  and  projects  1300  m.  into- 
the  ocean.    Several  parallel  chains  of  great  length  detach  them- 
selves from  the  eastern  extremity  of  the  Himalaya,  and  form  a 
numher  of  deep  valleys  throug-h  which  flow  the  upper  waters  of', 
the  great  rivers  of  this  region.    They  extend  in  a  southerly,  hut 
diverging,  direction,  and.  spread  like  the  spokes  of  a  fan  through 
the  Indo-Chinese  peninsula,  leaving  large  and  fertile  countries 
between  them. 

These  slightly  diverging  lines  of  mountains  yield  gold,  ores  of 
silver  and  tin,  and  precious  stones,  as  rubies  and  sapphires.  Momi- 
tains  in  low  latitudes  have  nothing  of  the  severe  character  of  those 
in  less  favoured  climes.  Magnificent  forests  reach  their  summits  ; 
trees  yielding  spices,  dyes  of  brilliant  tints,  medicinal  and  odori- 
ferous plants,  clothe  their  declivities ;  and  in  the  low  grounds  the 
fruits  of  India  and  China  grow  in  perfection  in  a  soil  which  yields 
three  crops  of  grain  in  the  year.  The  plains  lying  between  these 
mountains  are  very  extensive.  The  Birman  empire  alone,  which 
occupies  the  upper  and  middle  valleys  of  the  Irawadi,  is  about 
half  as  large  as  France,  and  scarcely  less  fertile.  Magnificent 
rivers  intersect  the  alluvial  plains,  whose  soil  they  have  brought* 
down  from  the  table-land  of  Tibet,  and  still  continue  to  deposit 
in  great  quantities  in  the  deltas  at  their  mouths,  frequently  forming- 
bars  which  prevent  the  ascent  of  vessels  of  heavy  burden,  and  the- 
shores  are  devoid  of  ports  to  afford  shelter  from  a  tempestuous  sea. 

§  5,  The  Kingdom  of  Siam. — Siam,  which  extends  from  the 
boimdaries  of  British  Burmah  to  Annam,  has  a  population  of 
5,750,000,  of  which  a  million  and  a  half  are  Chinese.  They  are 
less  bigoted  than  the  Hindus,  but  less  civilised  and  industrious 
than  the  Chinese.  Pace  is  the  staple  commodity,  but  sugar  is^ 
now  exported ;  and  it  is  believed  to  be  a  country  where  the 
best  sea  island  cotton  may  be  produced,  for  a  large  group  ot 
islands  lie  11  m.  S.  of  the  salubrious  village  of  Arihirs,  in  the- 
laro-est  of  which  there  is  a  fine  harbour,  into  which  the  shipping- 
from  Bangkok  retires  in  bad  weather.  With  all  these  advantages, 
the  territory  in  Siam  that  has  been  ceded  to  us  is  one  of  the  most 
prosperous  possessions  in  the  British  empire. 

Since  the  French  have  taken  possession  of  a  portion  of  Kam- 
bodia  and  Cochin  China,  aroimd  and  including  the  delta  of  the 


1  Address  by  Sir  Koderick  I.  Murchison-,  President  of  the  Royal  Geo- 
graphical Society. 
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Me  Klioug,  they  have  explored  the  upper  waters  of  this  large  river, 
malriiig  the  imTvelcome  discovery  that  it  is  encumbered  by  rapids 
at  a  distance  of  only  300  m.  above  its  mouth.  An  exploring  party/ 
under  Captain  de  Lagree,  followed  the  river  into  the  Chinese  pro- 
vince of  Yunnan,  but  the  route  was  found  full  of  difficulties,  and 
little  prospect  exists  of  much  trade  arising  in  this  direction. 

§  6.  The  Plains  of  Hindustan. — The  plains  of  Plindustan  ex- 
tend 2000  m.  along  the  soiithern  slopes  of  the  Himalayas,  between 
the  Brahmaputra  and  the  Indus,  and  terminate  on  the  S.  in  th& 
Bay  of  Bengal,  the  table-land  of  the  Deccan,  and  the  Indian  Ocean 
— a  country  embracing  in  its  range  every  variety  of  climate,  from 
tropical  heat  and  moistm-e  to  the  genial  temperature  of  southern 
Europe. 

The  Valley  of  the  Ganges  is  one  of  the  richest  regions  on  the 
globe,  and  contains  a  greater  extent  of  vegetable  mould,  and  of 
land  under  cidtivation,  than  any  other  country  in  this  continent, 
except,  perhaps,  the  Chinese  empire.  In  its  upper  part,  Sirhind 
and  Delhi,  the  seat  of  the  ancient  Mogul  empire,  still  rich  in 
splendid  specimens  of  Indian  art,  are  partly  arid,  although  in  the 
latter  there  is  fertile  soil.  The  country  is  beautiful  where  the  - 
Jiunna  and  other  streams  unite  to  form  the  Ganges.  These  rivers 
are  often  hemmed  in.by  rocks  and  high  banks,  which  in  a  great 
measm-e  prevent  the  periodical  overflow  of  the  waters ;  this,  how- 
ever, is  compensated  by  the  coolness  and  moisture  of  the  climate. 
The  land  gradually  improves  towards  the  east,  as  it  becomes  more 
flat,  till  at  last  there  is  not  a  stone  to  be  seen  for  hundreds  of 
miles  down  to  the  Gulf  of  Bengal.  Wheat  and  other  European 
grain  are  produced  in  the  upper  part  of  this  magniflcent  vallpy, 
while  in  the  S.  every  variety  of  Indian  fruit,  rice,  cotton,  indigo, 
opiimi,  and  sugar,  are  the  staple  commodities.  The  ascent  of  the 
plain  of  the  Ganges  from  the  Bay  of  Bengal  is  so  gradual  that 
Saharampore,  nearly  at  the  foot  of  the  Himalaya,  is  only  1100  ft. 
above  the  level  of  Calcutta :  the  consequence  of  which  is  that 
the  Ganges  and  Brahmaputra,  with  their  branches,  in  the  rainy 
season  between  June  and  September,  lay  Bengal  imder  water  for' 
himdreds  of  miles  in  eveiy  direction,  like  a  great  sea.  When  the 
water  subsides,  the  plains  are  verdant  with  rice  and  other  gi-ain ; 
but  when  harvest  is  over,  and  the  heat  is  intense,  the  scene  is 
changed— the  coimtry,  divested  of  its  beautj^,  becomes  parched  and 
dusty  everywhere,  except  in  the  extensive  jungles.  It  has  been 
estimated  that  one  third  of  the  British  territory  in  India  is  covered 
with  these  rank  marshy  tracts.^ 


'  The  estimate  was  made  by  Lord  Cormvallis,  and  confirmed  bv  Mr 
Colebrooke. 
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TaWe-land  of  the  Deccan.— The  peninsula  of  Hindustan  is  ' 
•occupied  by  the  triangular  shaped  table-land  of  the  Beccan, 
which  is  niucli  lower  than,  and  totally  unconnected  with,  the 
table-land  of  Tibet.    It  has  the  primary  ranges  of  the  Ghats  on 
the  E.  and  W.,  and  the  Vindhya  Mountains  on  the  N.,  which 
slope  by  successive  levels  to  the  plains  of  Hindustan  proper.  A 
trace  of  the  general  equatorial  direction  of  the  Asiatic  high  land 
is  still  perceptible  in  the  Vindhya  Mountains,  sometimes  called 
the  central  chain  of  India,  and  in  the  Satpura  range  to  the  S., 
iDoth  being  nearly  parallel  to  the  Himalaya.^    The  surface  of  the 
Deccan,  between  1500  and  2000  ft.  above  the  sea,  is  a  combination 
•of  plains,  ridges  of  rock,  and  insulated  flat  topped  hills,  which  are 
numerous,  especially  in  its  N.E.  parts.    These  solitary  and  almost 
inaccessible  heights  rise  abruptly  from  the  plains,  with  all  but 
perpendicular  sides,  which  can  only  be  scaled  by  steps  cut  in 
the  rock,  or  bv  very  dangerous  paths.    Many  are  fortified,  and 
were  the  strongholds  of  the  natives,  but  they  never  have  withstood 
the  determined  intrepidity  of  British  soldiers. 

The  peuinsida  terminates  with  the  table-land  of  Mysore,  from 
4000  to  5000  ft.  above  the  sea,  suri'ounded  by  the  Nilgiri  or  Blue 
Mountains,  which  rise  to  an  altitude  of  8500  ft. 

The  base  of  this  plateau,  and  a  part  of  the  Deccan,  is  gramte, 
the  rest  one  vast  sheet  of  basalt.  Though  possessing  the  once 
famous  and  valuable  diamond  mines  of  Golconda,  the  true  riches 
of  the  country  consist  in  its  vegetable  mould,  which  m  Mysore  is 
100  ft  thick,  \an  inexhaustible  source  of  fertility.  The  sea  coasts 
on  the  two  sides  of  the  peninsula  are  essentially  different;  that  ot 
Malabar  on  the  western  side  is  rocln^,  but  in  many  parts  weU  cul- 
tivated, and  its  mountains  covered  with  forests  form  a  continuous 
wall  of  very  simple  structure,  510  m.  long,  and  rather  more  than 
3000  ft  hio-h  On  the  coast  of  Ooromandel  the  mountains  are  bare, 
lower,  frequently  interrupted,  and  the  wide  maritime  plains  are 

^^"^TtlslZw^eylon,  nearly  equal  in  extent  to  Ireland  is  almost 
ioined  to  the  southern  extremity  of  the  peninsida  by  sandbanks  and 
Wl  islands,  between  which  the  water  is  only  6  ft.  deep  at  low 
water  smiit  tides.  The  Sanscrit  name  of  the  '  Kesplendent '  may 
Tot  y  s  me  idea  of  this  island,  rich  in  soil,  and  fertile,  adomed  by 
X  mountains,  numerous  streams,  and  primeval  forests  ;  m  ad^- 
tion  to  which  it  is  rich  in  precious  stones,  and  has  fi.shenes  of  the 

^^IrT^'paXt-The  Asiatic  low  lands  are  continued 
^estwa^d  from  the  India^jgi^ila  by  the  Paiijab  and  the  great 

1  Johnston's  *  Physical  Atlas.' 
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Indian  desert.  '  The  Panjab,  or  country  of  the  five  rivers,'  lies  at 
the  hase  of  the  western  Himalayas.  Its  most  northern  part  con- 
sists of  fertile  terraces  highly  cultivated,  and  valleys  at  the  foot 
of  the  moimtains.  It  is  very  productive  in  the  plain  vsdthin  the 
limits  of  the  periodical  inundations  of  the  rivers,  and  where  it  is 
watered  by  canals;  in  other  parts  it  is  pastoral.  The  Iringdom 
of  Lahore  occupies  the  chief  part  of  the  Panjab,  and  the  city 
of  that  name  near  the  Ravi,  once  the  rival  of  Delhi,  lies  on  the 
high  road  from  Persia  to  India,  and  was  made  the  capital  of  the 
kingdom  by  the  foimder  of  the  Sikh  dynasty,  Runjeet  Sing.  The 
lower  valley  of  the  Indus  throughout  partakes  of  the  character  of 
the  Panjab ;  it  is  fertile  only  where  it  is  within  reach  of  water : 
much  of  it  consists  of  a  delta,  which  is  occupied  by  rice  groiinds ; 
the  rest  is  pastiu'e,  or  sterile  salt  marshes. 

§  8.  T!ie  Great  Indian  Besert. — South  of  the  Panjab,  and 
between  the  plains  of  Hindustan  and  the  left  bank  of  the  Indus, 
lies  the  gi-eat  Indian  desert,  which  is  about  400  m,  broad,  and  be- 
comes more  and  more  arid  as  it  approaches  the  river.  It  consists 
of  a  hard  clay,  covered  with  shifting  sand,  driven  into  high  moimds 
by  the  wind,  with  some  parts  that  are  verdant  after  the  rains.  In 
the  province  of  Cutch,  S.  of  the  desert,  a  space  of  9000  sq.  m., 
known  as  the  'Rimn  of  Outch,'  is  alternately  a  sandy  salt  plain,  level 
as  a  bowling  gi-een,  and  an  inland  sea.  In  April  the  waves  of  the 
sea  are  driven  over  it  by  the  prevailing  winds,  leaving  only  a  few 
grassy  eminences,  the  resort  of  the  wUd  ass.  The  Desert  of  Meki-an, 
an  equally  barren  tract,  extends  along  the  Gulf  of  Oman  from  the 
mouths  of  the  Indus  to  the  Persian  Gulf:  in  some  places,  how- 
ever, it  produces  the  Indian  palm  and  the  aromatic  shrubs  of  Arabia 
FelLx,  ^  It  was  the  line  foUowed  by  Alexander  the  Great  returning- 
with  his  army  from  India. 

The  scathed  shores  of  the  Arabian  Gulf,  where  not  a  blade  of 
grass  fi-eshens  the  arid  sands,  and  the  uncultivated  valleys  of  the 
Euphrates  and  Tigris,  separate  Asia  from  Arabia  and^  Northern 
Africa,  the  most  desert  regions  in  the  old  world. 

§  9.  The  Arabian  PeninsuSa.— The  peninsula  of  Arabia, 
divided  into  two  parts  by  the  Tropic  of  Cancer,  is  about  foiu-  times 
the  size  of  France.  There  are  no  rivers,  and  few  streams  or  sprino-s 
noimsh  the  thirsty  land,  whose  ban-en  sands  are  scorched  by°a 
fierce  sun.  The  central  part  is  a  table-land  of  moderate  height, 
which,  however,  is  said  to  have  an  elevation  of  8000  ft.  in  the' 
southern  province  of  Hadi-amaut.  To  the  S.  of  the  tropic  it  is  an 
ahnost  interminable  ocean  of  drifting  sand,  wafted  in  clouds  by  the 
gale,  and  dreaded  even  by  the  wandering  Bedouin,  At  wide  in- 
tervals, long  narrow  depressions  cheer  the  eye  with  brushwood  and 
verdure.    More  to  the  N.,  mountains  and  hills  cross  the  peninsula 
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from  S.E.  to  N.W.,  enclosing  cultivated  and  fine  pastoral  valleys 
adorned  by  groves  of  the  date  palm  and  aromatic  shrubs.  Mr. 
Gifibrd  Palgrave,  in  the  years  1862-68,  crossed  Arabia  from  a  point 
two  days'  journey  to  the  N.  of  Akaba  to  El  Khatif  on  the  shores  of 
the  Persian  Gulf.    In  this  joiu-ney,  a  waterless  desert  was  first 
crossed,  which  reaches  to  the  frontiers  of  the  kingdom  of  Jebel 
Shomer.    This  independent  principality  lies  between  26°  30'  and 
32°  N.    and  between  33°  40'  and  44°  E.    Two  tHrds  of  this  area 
is  desert ;  but  there  are  here  and  there  fertile  spots,  such  as  Jauf, 
where  lovely  villages  nestle  under  palm  trees,  and  such  as  the 
approaches  to  Hail,  the  capital,  lying  among  fertile  valleys,  many  of 
which  run  from  N.E.  to  S.W.    The  kingdom  of  the  ^\  ahabees, 
whose  sovereign  is  known  as  the  Sultan  of  Nejd,  Ues  S.E.  of  the 
kinc-dom  of  Jebel  Shomer,  and  extends  over  10°  of  latitude  and  7°  of 
longitude,  being  bounded  on  the  W.  by  one  of  the  pilgrim  routes 
to  Medina,  and  on  the  E.  by  the  Persian  GuK.    The  capital  is 
Biad,  and  besides  this  there  are  many  fortified  towns  standmg  in 
the  midst  of  widely  extended  gardens  and  plantations.    The  broad 
and  fertile  plains  of  Kasim  intervene  between  Jebel  Shomer  and 
the  Neid  territory,  the  latter  of  which  is  elevated,  and  m  it  is 
found  the  plateaii  of  Jebel  Toweyk,  having  an  elevation  of  2000  ft. 
This  plateau  has  much  pastiu-e  land,  on  wHch  countless  herds  of 
camels  and  sheep  graze.    It  is  intersected  by  a  network  of  vaUeys 
fidl  of  life  and  cultivation.    Eastward  of  Riad  fine  pkins  were 
foimd  •  but  before  reaching  the  fertile  coast  strip,  the  '  Dahna  or 
Red  Desert,  an  ofishoot  of  the  southern  desert,  had  to  be  crossed 
El  Khatif  on  the  Persian  Gulf  is  smimmded  by  a  network  of 
rivers,  and  is  bmied  in  an  interminable  succession  of  gardens.  The 
table-  and  descends  in  terraces  or  parallel  ranges  of  niomiuams  and 
to  a  flat  sandy  coast  from  30  to  100  m.  wide,  which  surmmids 
SSg^^  alrpartof'thepemnsula,fiwthemou^ 
to  t£  Mhnius  of  Suez.    The  hills  come  close  to  the  beach  m  the 
^ovkLce  of  Oman,  which  is  traversed  by  chains,  and  broken  into 
rues  of  arid  mountains  not  more  than  3500  ft.  high,  with  the 
exception  of  the  Jebel  Akhdar,^  wHch  is  6000  ft.  above  the  sea, 
!S  is  cleft  by  temporary  streams  and  fei-tUe  vaUeys.  Here 
around  is  cultivated  and  covered  with  verdui-e,  and  still 
fnrther  S  there  is  a  line  of  oases  fed  by  subterraneous  springs, 
wh  Je  tlie  fruits  common  to  Persia,  India,  and  Arabia  are  pro- 

The  southern  coast  is  scarcely  known,  except  towards  the  pro- 
vinces of  Hadramaut  and  Yemen,  or  Arabia  Felix,  where  ranges 
If Tovmtains,  some  ^a3ove_5000  ft.  high,  lhae  the  coast,  and  xn 

1  JeJcZ.4Mda''=' Green  Mountain.' 
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many  places  project  into  tlie  ocean,  sometimes  forming  excellent 
I  liai'boiu's,  as  that  of  Aden,  wHch  is  protected  by  projecting  rocks. 
I  In  the  intervals  there  are  towns  and  villages,  cotton  plantations, 
I  date  groves,  and  cultivated  groimd. 

I  On  the  northern  side  of  these  granite  ranges,  where  the  table- 
I  land  is  8000  ft.  above  the  sea,  and  along  the  edge  of  the  Desert  of 
'  El  Aklaj  in  Hadramaut,  there  is  a  tract  of  sand  so  loose  and  so 
;  very  fine,  that  a  plummet  was  sunk  in  it  by  Baron  Wrede  to  the 
I  depth  of  360  ft.  without  reaching  the  bottom.  There  is  a  tradi- 
i  tion  in  the  countiy  that  the  Sabssan  army  of  Bang  Suffi  perished  in 
attempting  to  cross  this  desert.  Arabia  Felix,  which  merits  its 
;  name,  is  the  only  part  of  that  country  with  permanent  streams, 
though  they  are  small.  Here  also  the  mountains  and  fertile  regions 
[  run  far  inland,  producing  grain,  pasture,  coffee,  odoriferous  plants, 
!  and  giuus.  High  chffs  line,  the  shores  of  the  Indian  Ocean  and  the 
Strait  of  Bab-el-mandeb  (  = '  the  Gate  of  Tears ').  The  fertile  coim- 
try  is  continued  a  considerable  way  along  the  coast  of  the  Red 
Sea ;  but  the  character  of  barrenness  is  resumed  by  degrees, till  at 
length  the  hiUs  and  intervening  terraces,  on  which  Mecca  and 
Medina,  the  holy  cities  of  the  Mohammedans,  stand,  are  sterile 
wastes  wherever  springs  do  not  water  them.  The  blast  of  the 
desert,  loaded  with  burning  sand,  sweeps  over  these  parched  regions. 
Mountains  skirt  the  table-land  to  the  N. ;  and  the  peninsula,  be- 
tween the  Gulfs  of  Akaba  and  Suez  on  the  Red  Sea,  is  filled  bv 
the  mountain  group  of  Sinai  and  Horeb.  Jebel  Hoiu-a,  Mount 
Horeb,  on  which  Moses  received  the  Ten  Commandments,  is  8593 
ft.  high,  surrounded  by  still  higher  peaks,  which  are  covered  with 
snow  in  winter.  The  group  of  Sinai  abounds  in  springs  and  ver- 
dm-e.  At  its  northern  extremity  lies  the  Desert  of  El  Tih,  70  m. 
long  and  30  broad,  in  which  the  Israelites  wandered  40  years.  It 
is  covered  with  long  ranges  of  high  rocks,  of  most  repulsive  aspect, 
rent  into  deep  clefts  only  a  few  feet  wide,  hemmed  in  by  walls  of 
rock  sometimes  1000  ft.  high,  like  the  deserted  streets  of  a  Cyclo- 
pean town.  The  journey  from  Sinai  to  Akaba,  by  the  Wady  el 
Ain,  or  Yalley  ofN;he  Spring,  is  magnificent,  and  the  site  ef  Petra 
itself  is  a  tremendous  confusion  of  black  and  brown  moimtains.  It 
is  a  considerable  basin  closed  in  by  rocks,  with  chasms  and  defiles 
in  the  precipices.  The  main  street  is  2  m.  long,  and  not  more 
than  from  10  to  30  ft.  wide,  enclosed  between  perpendicular  rocks 
from  100  to  700  ft.  high,  which  so  nearly  meet  as  to  leave  only  a 
strip  of  slry.  A  stream  runs  through  the  street  which  must  once 
have  been  a  considerable  torrent,  and  the  precipitous  rocks  are  ex- 
cavated into  thousands  of  caverns  once  inhabited— into  conduits, 
cisterns,  flights  of  steps,  theatres,  temples,  and  sepulchres,  forming 
altogether  one  of  the  most  wonderful  remains  of  antiquity.  The 
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whole  of  Arabia  Petrea,  the  Edom  of  sacred  writers,  presents  a  scene 
of  appaUing  desolation,  completely  fulfilling  the  denunciation  of 
prophecy. 

§  10.  Syria.— A  sandy   desert,  crossed   by  low  limestone 
ridges,  separates  the  table-land  of  Arabia  from  the  habitable  part 
of  Syria,  which  the  mountains  of  Lebanon  divide  into  two  narrow 
plains.    These  moimtams  may  also  be  considered  ofltsets  from  the 
Taui'us  chain ;  at  least,  they  are  connected  with  it  by  the  range 
of  Alna  Dagh,  the  ancient  Amanus,  impassable  except  by  two 
defiles,  celebrated  in  history  as  the  Amauic  and  Syrian  Gates. 
The  group  of  Lebanon  begins  with  the  Jebel  Akra  (5872  ft.) 
(Mount  Oassius),  which  rises  abruptly  from  the  sea  in  a  single  peak 
near  the  mouth  of  the  Orontes.    From  thence  the  chain  nms  S.  at 
a  distance  of  about  20  m.  frpm  the  shores  of  the  Mediterranean, 
in  a  continuous  Hne  of  peaks  to  the  sources  of  the  Jordan,  where 
it  spHts  into  two  nearly  paraUel  branches,  enclosmg  the  upper 
vaUey  of  the  Kiver  Litany,  the  ancient  Leontes,  and  the  wide  and 
fertUe  plain  of  Buka,  the  ancient  Ooele-Syria,  in  which  are  the 

ruins  of  Baalbek. 

The  Lebanon  branch,  the  western  range,  contains  the  liigJi 
peak  of  Dhor  el  Kodib  (10,161  ft.)  and  Jebel  Sannum  (8162  ft.). 
South  of  the  latter  of  these  moimtains  the  range  sinks  down,  ex- 
panding in  breadth  as  it  diminishes  in  height.  It  forms  by  its  spiu-s 
and  their  continuations  the  hill  countiy  of  Gahlee,  that  of  Samaria, 
and  the  S.  country  of  Judea,  which  graduaUy  fades  away  mto  the 
Desert  of  Paran,  the  modern  El  Tih.    Plains  and  valleys  are 
enclosed  among  those  HUs,  and  border  the  Meditein-anean  coast 
The  AntManus,  which  commences  N.E.  of  Baalbek,  attains 
its  greatest  height  in  Jebel  es  Sheik  (9053  ft.)  or  Mount  Hermon 
neai  the  centre  of  the  cham,  from  whence  it  rmis  along  the  left 
bank  of  the  Jordan,  forming  the  trans- Jordamc  range,  which 
everywhere  bounds  the  eastern  horizon  to  the  traveller  m  western 
Palestine,  the  long  straight  line  of  the  moimtains  of  Ajlim,  Gilead 

and^o^ab.  ^         Hermon  extends  a  vTist  rugged  region 

comparatively  immarked  by  any  high  peaks,  but  seamed  and 
furrowed  by  endless  hidden  ravines,  cracks  m  the  molten  sea  of 
lava  which  has  once  been  poured  over  the  whole  — an^ 
which  has  cooled  down  a  very  sea  of  black  rock.  This  distiict 
IS  Ai-ob  of  the  Old  Testament,  the  Trachomtis  of  the  New,  is 
now  the  Lejah  ;  and  in  its  cracks  and  fissui-es  still  mamtams 

a  considerable  population.  Tpm^ilem 
The  tops  of  all  the  mountains,  from  Scanderoon  to  Jerusalem, 
are  covered  with  snow  in  winter ;  but  it  is  permanent  on  Lebano 
only    The  precipices  are  terrific,  the  sprmgs  abimdant,  and  th 
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spurs  of  the  mountains  are  studded  witli  yiUages  and  convents; 
there  are  forests  in  tlie  higlier  grounds,  and  lower  down  ymeyards 
and  wardens.  Many  offsets  from  tlie  Libanus  end  in  precipices  on 
the  coast  between  TripoH  and  Beyrout,  among  which  the  scenery 

is  very  beautiful.  „ 
The  valUijs  and  plains  of  Syria  are  rich  m  their  vegetable  soil, 
particidarly  the  plain  of  Damascus,  which  is  briUiantly  verdant, 
though  sm-roimded  by  deserts,  the  barren  uniformity  of  which  is 
relieved  on  the  E.  by  the  ruined  temples  of  Palmyra  (Tadmor). 
The  Sjaian  wilderness,  however,  is  not  everywhere  absolutely 
barren.  In  the  spring  time  it  is  covered  with  a  thin  but  vivid 
verdm-e,  mixed  with  aromatic  herbs  of  very  short  diu-ation. 
men  these  are  burnt  up,  the  imboimded  plains  resume  their 
wonted  dreariness.  The  coimtry,  high  and  low,  becomes  more 
barren  as  we  approach  the  Holy  Land,  yet  even  here  some  of  the 
mountains— as  Oarmel,  Bashan,  and  Tabor— are  wooded,  and 
many  of  the  valleys  are  fertile,  especially  the  valley  of  the 
Jordan,  which  has  the  appearance  of  pleasure  grounds  with  groves 
of  trees  and  aromatic  plants.  The  sea  coast  plains  are  often  of 
'  surpassing  richness,  jdelding  in  profusion  the  crops  of  southern 
Europe,  corn,  millet,  and  abimdance  of  fruits,  vnth  rich  gardens 
and  orchards  aroimd  the  cities.'  The  greater  part  of  Syi'ia  is  now 
a  desert  compared  with  what  it  formerly  was.  Mussulman  rule 
has  bhghted  this  fair  region— the  Land  of  Promise,  once  flowing 
with  milk  and  honey. 

The  valley  of  the  Jordan,  called  El  Ghor,  affords  the  most 
remarkable  instance  known  of  the  depression  of  a  considerable 
tract  of  land  below  the  general  level  of  the  ocean.  El  Ghor  is  not 
a  valley  merely,  but  a  sunken  chink,  ploughed  deep  down  into  the 
bowels  of  the  earth.  From  the  source  of  the  river  in  the  Anti- 
Lebanon  the  vaUey  steadily  deepens.  The  first  pause  is  in  the 
wide  basin  of  Lake  Merom,  the  modern  Huleh,  from  which  the 
vaUey  rapidly  descends  to  the  Sea  of  GaUlee.  Leaving  this  lake, 
the  river  rims  in  a  tortuous  course  of  200  m.  long,  through  the 
valley  to  the  great  depression  of  the  Dead  Sea,  1292  ft.  below  the 
level  of  the  Mediterranean,  the  deepest  depression  on  the  earth's 
surface.  The  lower  terraces  of  the  valley  which  constitute  the 
edge  of  the  Ghor,  or  '  Plain  of  the  Jordan  '  of  the  J  ews,  form  a 
narrow  trench,  rarely  more  than  2  m.  wide,  while  the  upper 
ten-aces  reach  back  for  several  miles  to  the  enclosing  hills. 
Southward  of  the  Dead  Sea,  this  deep  trench  continues  in  the 
Arabah,  but  gradually  rises,  imtil  a  little  south  of  Petra  the 
watershed  of  the  Dead  Sea  and  the  Red  Sea  is  found  at  a  height 
of  787  ft.  above  the  sea  level,  to  which  the  valley  of  Akaba 
thence  descends. 
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The  natural  products  of  tlie  Jordan  valley  are  unique.  It  is  "a 
tropical  oasis,  sunk  in  the  temperate  zone,  and  overhung  hy  an 
Alpine  Hermon.  Acres  of  pajiyrus  are  found  in  the  marshes  of 
Lake  Merom ;  the  plain  of  Gennesaret,  on  the  W.  shore  of  the 
Sea  of  Galilee,  also  produces  papyrus,  and  the  jujube  (a  tropical 
tree).  Palms  and  oleanders  wave  in  the  valley  S.  of  Galilee, 
and  roimd  the  Dead  Sea ;  in  five  oases  are  found,  noiuished  by 
copious  springs,  many  of  the  products  of  the  torrid  zone.  Indigo 
and  henna  flourish,  and  melons  ripen  in  a  winter  dm-ing  which 
the  thermometer  ranges  between  60°  and  80°  Fahr.  The  birds 
and  insects  also  are  either  peculiar  to  the  district,  or  are  such  as 
are  fovmd  in  Nubia,  Abyssinia,  India,  and  Equatorial  Afiica.  The 
Jordan  valley  is  an  actual  geological  line,  the  formations  differing 
on  each  side.  The  Dead  Sea  has  been  shown  by  M.  Lartet  to 
have  had  no  connection  with  the  Red  Sea  since  the  continent 
assumed  its  present  form.  Many  hot  springs  and  sulphur  springs 
are  found  in  the  basin  of  the  Dead  Sea ;  but  Jebel  Usdiun,  a  mass 
of  rock  salt,  7  m.  long,  a  mile  and  a  half  wide,  and  several  himdred 
feet  high,  is  the  most  interesting  phenomenon  about  the  lake.  M. 
Lartet  considers  that  the  Dead  Sea  has  never  been  anything  but  a 
reservoir  for  the  water  brought  in  by  the  various  streams,  deriving 
its  saltness  partly  from  the  salt  rocks  near  it  and  partly  as  a  result 
of  incessant  evaporation.^ 

There  is  evidence  that  the  coimtry  roimd  the  northern  end  of 
the  Eed  Sea  has  been  raised  above  its  former  level  within  Lhe  last 
3000  years.  Caverns  are  found  in  the  clifis  on  the  Red  Sea,  and 
in  those  more  inland  on  the  Arabian  coast ;  and  the  whole  desert 
from  Suez  to  Cairo  is  covered  with  abundance  of  shells,  similar  to 
those  now  living  in  the  Red  Sea,  which  was  probably  joined  to  the 
Mediterranean  at  a  very  recent  period. 

It  appears  from  the  surveys  which  were  executed  with  a  view 
to  imite  the  two  seas  by  a  canal,  that  they  are  on  the  same  level ; 
that  for  13^  m.,  from  high  water  mark  at  Suez  to  the  Bitter  Lakes, 
the  land  is"  nearly  level,  rising  from  3  to  12  ft.  only  above  the 
highest  tide.  Here  a  depression  of  I G  ft.  begins,  which  extends 
for  27  m.  The  surface  of  the  Bitter  Lakes,  which  appear  to  be 
frao-ments  of  the  Red  Sea  or  Mediterranean,  lowered  by  evapora- 
tion is  54  ft.  below  the  level  of  the  latter.  From  thence  to  the 
Mediterranean  the  ground  is  low  and  marshy,  with  numerous 
lagoons  of  salt  water.  The  shortest  distance  from  the  Red  Sea 
to  the  Mediterranean  is  75  m.  The  canal  which,  through  the 
energy  of  M.  de  Lesseps,  has  been  made  from  sea  to  sea  was 


1  Canon  Tristram's  chapters  on  tTie  Physical  Geography  of  Palestine  in 
his  '  Natural  History  of  the  Bible.' 
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opened  in  1869.  It  cuts  tlirongh  the  low  sandy  istbmns  to  tlie  E 
of  the  delta  of  the  Nile,  and  passes  from  Lake  Menj*^  ^l^^^f  ^ 
most  easterly  of  the  lagoons  formed  round  the  ^el^a  of  the  Nil^ 
to  the  head  of  the  Gulf  of  Suez.  It  passes  through  the  shallow 
laie  Menzaleh,  the  small  lakes  El  Ballah  and  Timsah  and  e, 
fom-th  formed  in  the  basin  of  the  Bitter  Lakes,  by  water  let  into  it 
fi-om  the  Mediterranean,  which  has  raised  their  level.  The  length 
of  the  canal  is  about  90  m.,  and  its  depth  26  ft. ;  it  has  no  locks. 
The  general  width  is  246  ft.  at  the  base  of  the  banks,  and  72  it. 
at  the  bottom  of  the  canal.  A  new  town,  called  Port  Said,  has 
been  established  at  the  northern  end  of  the  canal,  and  another 
Ismailia,  on  Lake  Timsah.  The  Natron  lakes  on  the  Libyan 
Desert,  W.  from  the  delta  of  the  Nile,  are  probably  also  fragments 
of  an  inland  sea.^ 


CHAPTER  Vni. 

ATBICA. 


§  1.  Configuration  of  the  African  Continent.— The  conti- 
nent of  Africa  is  5050  m.  long  from  Cape  Agulhas,  E.  of  the  Cape 
of  Good  Hope,  to  Cape  Bianco,  near  Bizerta,  its  northern  extre- 
mity, and  4600  broad,  between  Cape  Guardafui,  on  the  Indian 
Ocean,  and  Cape  Verd,  on  the  Atlantic  ;  but  from  the  irregularity 
of  its  figure  it  has  an  estimated  area  of  11,244,948  sq.  m.  It  is 
divided  into'  two,  nearly  equal,  parts  by  the  equator,  consequently 
the  greater  portion  of  it  lies  under  a  tropical  sun.  The  high  and 
lowlands  of  this  division  of  the  old  continent  are  so  distinctly 
separated  that,  with  the  exception  of  the  mountainous  territory  of 
the  Atlas  and  the  small  table-land  of  Barca,  it  may  be  said  to 
consist  of  two  parts  only,  a  high  coimtry  and  a  low. 

§  2.  South  African  Table-land,— An  extensive,  though  not 
very  elevated,  table-land  occupies  all  S.  Africa,  and  stretches"  6 
or  7  degrees  N.  of  the  equator.  On  the  N.W.  it  terminates  in 
the  high'land  of  Senegambia,  and  on  the  N.E.  in  that  of  Abyssinia, 
both  of  which  project  farther  to  the  N.  than  the  central  edge  of 
the  plateau,  which  has  not  yet  been  explored.  On  the  E.  and  W* 
the  table-land  is  boimded  either  by  moimtain  chains  or  high  ridges 
of  various  kinds  and  elevations,  which  divide  it  from  the  narrow 


1  See  the  works  of  Dr.  Buist,  Mr.  Glyn,  and  the  Survey  published  by 
M.  de  Lesseps.  Miss  Fanny  Corbaux  was  one  of  the  lirst  who  drew  atten- 
tion to  this  subject. 
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coast  plains  and  tlie  deltas  of  rivers  which  terminate  in  the 
Indian  and  Atlantic  Oceans ;  and  on  the  S.  the  table-laud  shelves 
down  to  the  sea  by  a  series  of  terraces  called  '  kan-oos.' 

§  3.  The  Cape  of  Good  Hope  and  the  XS.  Coast. — In  its 

southern  extremity  at  the  Cape  of  Good  Hope  the  African  continent 
is  about  700  m.  broad,  and  ends  in  three  narrow  parallel  ridges  of 
moimtains,  the  northernmost  of  which  is  the  highest,  and  abuts  on 
the  table-land.  All  are  cleft  by  precipitous  deep  ravines,  through 
which  winter  torrents  flow  to  the  ocean.  The  longitudinal  vaUeys,  or 
karroos,  that  separate  them,  are  tiers,  or  steps,  by  which  the  plateau 
dips  to  the  maritime  plains.  The  descent  is  rapid,  as  both  these 
plains  and  the  moimtain  ranges  are  very  narrow.  On  the  western 
side  they  form  a  high  group,  and  end  in  steep  promontories  on  the 
coast,  where  Table  Moimtain,  3550  ft.,  at  Oape  Town,  forms  a 
conspicuous  landmark  for  mariners. 

Granite  rocks,  which  are  the  base  of  this  part  of  southern 
Africa,  rise  to  a  considerable  height  in  many  places,  and  are  gene- 
rally surmoimted  by  vast  horizontal  beds  of  sandstone,  which  give 
that  character  of  flatness  peculiar  to  the  summits  of  many  of  the 
Oape  mountains. 

The  karroos  are  arid  deserts  in  the  dry  season,  but  soon  after 
the  setting  in  of  the  rains  they  are  covered  with  verdm-e  and  a 
splendid  flora.  The  maritime  plains  partake  of  the  same  temporary 
aridity,  though  a  large  portion  is  rich  in  cereal  productions,  vine- 
yards, fruits,  and  pasture. 

The  most  inland  of  the  ranges  parallel  to  the  Indian  Ocean  is 
10,000  ft.  high,  and  it  rises  about  the  27th  meridian,  in  a  truly 
Alpine  and  continuous  chain — the  Qiiatlamba  Moimtains,  which 
sink  into  a  broad  ridge  not  more  than  4000  ft.  above  the  level  of 
the  sea  before  crossing  the  Zambesi  Hiver  at  the  beginning  of  its 
delta,  about  300  m.  from  the  ocean.  The  sm-face  of  the  ridge  is  a 
fine  undulating  country,  covered  with  short  grass  like  a  lawn,  and 
yielding  excellent  wheat  and  other  cereals,  with  various  roots  in 
great  abundance.  From  the  head  of  the  delta  the  ridge  which 
borders  the  table-land  divides  into  several  branches.  One,  known 
as  the  Lupata  chain,  runs  at  the  distance  of  160  m.  inland  along 
the  coast  of  Sofala ;  others  bend  W.,  while  the  central  and  prin- 
cipal chain  runs  N.,  encircling  Lake  Nyassa  at  a  considerable 
distance  from  the  coast.  It  is  of  moderate  altitude  in  the  coimtry 
of  Unyamwesi,  but  rises  to  a  great  height  between  3°  and  4°  S. 
lat.,  where  Kilima-Njaro  (18,715  ft.)  rises  to  the  zone  of  eternal 
snow,  and  other  peaks  seem  to  connect  the  range  with  the  high 
lands  of  Abyssinia, 

At  Natal  the  coast  land  slopes  upward  from  the  sea  to  the 
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siimmit  of  the  range,  here  called  the  Drakenherg-,  and  the  climate 
and  vegetation  of  the  valleys,  exposed  to  the  warm  and  moist  airs 
of  the  Indian  Ocean,  are  subti-opical.  The  Zambesi  and  other  streams 
from  the  tahle-land  refresh  the  plains  on  the  MozamhicLue  Channel. 
Opposite  Zanzibar,  though  some  parts  are  marshy  and  covered  with 
mangroves,  groves  of  palm  trees  adorn  the  plains,  which  yield  pro- 
digious quantities  of  grain,  and  noble  forests  cover  the  moimtains ; 
but  from  4°  N.  latitude  to  Cape  Guardafiii  is  a  continued  desert, 
the  hot  and  dry  region  inhabited  by  the  jealous  and  ferocious 
Somali.  There  is  also  a  barren  tract  at  the  southern  end  of  the 
Lupata  chain,  and  along  the  southern  tributaries  of  the  Zambesi, 
where  gold  is  found  in  masses  and  grains  on  the  surface  and  in  the 
watercourses,  which  tempted  the  Portuguese  to  form  settlements 
on  these  unwholesome  coasts.  Here  were  situated  Manica,  and 
the  country  of  Monomotapa,  depicted  on  old  maps,  and  the 
district,  together  vsdth  the  seaport  Sofala,  is  suggested  by  some 
writers  to  be  the  Ophir  of  Scripture. 

The  Island  of  Madagascar,  with  its  magnificent  range  of  moun- 
tains, encircled  by  a  belt  of  primeval  forests,  is  parallel  to  the 
African  coast,  and  only  separated  from  it  by  the  Mozambique 
Channel,  250  m.  broad ;  its  organic  productions  as  a  whole  differ 
very  greatly  from  those  of  Africa,  showing  that  there  has  been  no 
connexion  between  the  two  lands  since  they  were  stocked  by  their 
present  forms  of  life. 

§  4.  The  West  Coast  of  Soutb  ilfrica. — The  contrast  be- 
tween the  E.  and  W.  coasts  of  S.  Africa  is  very  striking.  The 
bold  escarped  mountains  round  the  Cape  of  Good  Hope,  and  its 
rocky  coast,  which  extends  a  short  way  along  the  Atlantic  to  the 
N.,  are  succeeded  by  ranges  of  sandstone  of  small  elevation,  which 
separate'  the  internal  sandy  desert  from  the  sandy  shore  which, 
with  the  exception  of  Walfisch  Bay,  is  equally  parched.  The  ter- 
raced slope  of  the  Atlantic  coast  for  900  m.  between  the  Orange 
Eiver  and  Cape  Negro  has  not  a  drop  of  fresh  water. 

At  Cape  Negro  terraces  separated  by  long  level  tracts  begin  and 
make  a  semicircvilar  bend  into  the  interior,  leaving  plains  along  the 
coast- 140  m.  broad,  from  whence  the  highest  terrace  appears  like 
a  chain  of  mountains,  because  it  dips  for  2000  ft.  towards  them. 
It  has  a  broad  flat  top,  spreading  into  fine  grassy  plains,  on  which 
are  found  Cape  heaths,  rhododendrons,  and  other  Alpine  plants, 
quite  different  from  the  tropical  vegetation  on  the  maritime  coast 
on  one  side,  or  on  the  table-land  on  the  other.  The  high  tei-races 
are  continued  to  the  country  of  Colbongos,  the  most  elevated  land 
on  the  coast,  where  a  magnificent  group  of  mountains,  covered  to 
their  tops  with  large  timber,  lie  not  far  inland  and  N.  of  these. 
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King  William's  Mountains  form  the  eastern  border  of  tliis  side  of 
the  table-land. 

The  maritime  plains  on  the  Atlantic  along  this  long  line  of  high 
country  have  for  the  most  part  a  tropical  vegetation.  In  Benguek 
the  plains  are  healthy  and  cultivated ;  farther  N.  there  are  mono- 
tonous grass  savannahs,  and  forests  of  gigantic  trees.  The  ground, 
in  many  places  saturated  with  water,  bears  a  tangled  crop  of  man- 
groves and  tall  reeds  which  even  cover  the  shoals  along  the  coast ; 
hot  pestilential  vapours  hang  over  them,  never  dissipated  by  a 
breeze.  Such  are  the  low  lands  of  the  Fernan  Vaz  River  and  the 
Gaboon,  and  farther  N.  the  plains  of  Biafra  and  Benin,  and  the 
delta  of  the  Niger. 

The  Angel  of  Death,  brooding  over  these  regions  in  noisome  ex- 
halations, guards  the  interior  of  that  country  fi'om  the  aggressions 
of  the  European,  and  has  hitherto  bafEed  his  attempts  to  form 
settlements  on  the  banks  of  this  magnificent  river. 

Many  portions  of  N.  Guinea  are  so  fertile  that  they  might  vie 
with  the  valley  of  the  Nile  in  cereal  riches,  besides  various  other 
productions  ;  and,  though  the  heat  is  great,  the  chmate  is  not  veiy 
unhealthy. 

Such  are  the  mountain  chains  and  maritime  plains  that  surroimd 
the  table-land  of  South  Africa  on  three  sides. 

§  6.  Table-land  3M"ortli  of  the  Cape ;  Dr.  Siivingrstone's 
discoveries. — In  the  beginning  of  the  present  century  the  table- 
land N.  of  the  Cape  of  Good  Hope  was  almost  an  unknown  region. 
Mr.  Somerville  and  Mr.  Trotter  were  the  first  white  men  whom  the 
inhabitants  of  Litakoo  had  seen.  Of  an  expedition  that  followed 
their  track  a  few  years  afterwards  no  one  returned.  Since  that  time 
it  has  been  frequently  explored  both  by  the  missionaries  and  other 
travellers,  and  now  the  central  portion,  as  far  as  the  Victoria  Falls 
of  the  Zambesi,  is  tolerably  well  known. 

Immediately  N.  of  the  Oape  moimtams  the  table-land  is  600  ft. 
above  the  level  of  the  sea,  and,  for  a  comparatively  small  distance, 
it  is  cultivated  and  pastoral,  and  in  aU  probabihty  it  is  equally  so 
at  the  foot  of  the  Quatlamba  chain ;  for  there  are  forests  and  rich 
pasture  lands  in  the  Bushmen's  coimtry,  at  least  for  part  of  the 
year  With-  these  exceptions  the  Kalahari  Desert  spreads  over 
the  table-land  to  the  20th  degree  of  S.  latitude.  The  Gariep,  or 
Orano-e  River,  with  its  tributaries,  which  flow  across  the  desert, 
may  be  more  aptly  said  to  drain  than  to  irrigate  this  arid  country. 
Many  of  the  trikitaries  are  only  the  channels  through  which 
torrents  from  the  periodical  rains  are  carried  to  the  main  stream, 
and  are  destitute  of  water  during  many  months  in  the  year._  '  The 
Dry  River,'  the  name  of  one  of  these,  is  no  misnomer  m  that 
country    However,  moisture  is  not  wanting,  for  the  margin  of  the 
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streams  is  usually  adorned  with  mimosas,  and  the  sandy  deserts  in 
some  places  have  furnished  treasm-es  to  the  hotanist  after  the  rains ; 
hut  in  general  the  camel's  thorn  and  other  products  of  the  African 
desert  are  the  only  vegetation,  where  there  is  any  vegetation  at  all. 
On  the  .W.  it  is  hoimded  by  the  pastoral  and  even  agricultm-al 
countries  of  the  Great  Namaqua  and  Damaras,  but  these  are  pene- 
trated in  many  places  by  the  desert,  even  to  the  sandy  shores. 

Nothing  was  known  of  the  interior  of  the  table-land  N.  of  the 
Kalahari  Desert,  till,  in  1803,  intelligent  native  merchants  crossed 
from  Loanda  on  the  Atlantic  to  Zanzibar  on  the  Mozambique 
coast,  and  from  their  account  Europeans  first  had  an  idea  of  the 
natm'e  of  the  country,  its  productions,  and  the  state  of  its  inhabi- 
tants ;  but  it  is  to  the  missionaries  that  we  owe  our  real  knowledge 
of  the  interior  of  South  Africa.  Among  these  Dr.  Livingstone  is 
preeminent.  Of  high  scientific  acquirements  and  unconquerable 
zeal  in  the  great  cause,  he  traversed  the  table-land  from  sea  to  sea, 
performing  in  all  a  joiu'ney  of  11,000  m.,  in  order  to  establish 
missions  for  the  conversion  and  instruction  of  the  natives. 
■Although  that  was  his  principal  object,  yet  during  the  joiu'ney, 
amidst  imiumerable  difficulties  and  thirty  two  attacks  of  fever,  he 
made  astronomical  observations  to  ascertain  the  latitude  and  longi- 
tude of  the  most  remarkable  places  he  visited.  Dr.  Livingstone  set 
out  from  Kolobeng,  the  advanced  post  of  the  missionaries  N.  from 
the  Oape  of  Good  Hope,  and  after  a  month's  joiu-ney  over  300  m. 
of  desert,  in  great  want  of  water,  he  came  to  the  banks  of  the 
Zouga,  a  noble  and  exquisitely  beautiful  river,  richly  fringed  with 
fruit  bearing  and  other  trees,  and  communicating  with  Lake  Ngami, 
which  he  first  visited  in  1849,  and  which  is  from  60  to  70  m. 
long,  and  2930  ft.  above  the  level  of  the  sea.  The  Zouga  is  the 
most  southerly  of  that  magnificent  series  of  rivers  discovered  by 
Dr.  Livingstone  in  the  very  centre  of  South  Africa,  which  extends 
from  the  20th  parallel  of  S.  latitude  to  within  10  degrees  of  the 
equator,  and  in  longitude  throughout  the  whole  breadth  of  the 
table-land. 

_  The  coimtry  N.  of  Lake  Ngami  is  a  dead  flat  for  himdreds  of 
miles,  interlaced  by  a  perfect  labyrinth  of  rivers  with  their  count- 
less tributaries  and  numerous  entering  and  reentering  branches,  on 
account  of  which  it  is  called  Linoka-noka,  or  'Rivers  upon 
Rivers.'  The  waters  of  this  network  of  lakes  and  rivers,  deflected 
in  various  directions  by  slight  elevations,  escape  to  the  eastern 
and  western  oceans  by  passing  through  deep  rents  in  the  flanldng 
ridges  on  each  side  of  the  plateau.  In  many  places  the  meadow 
lands  are  the  pasture  grounds  of  the  natives,  covered  with  thousands 
of  cattle,  but  in  the  forests  both  horses  and  cattle  fall  victims  to 
the  tsetse,  a  poisonous  fly  which  abounds  there.    Laro-e  tracts  of 
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tliis  country  are  inundated  dimng  tlae  periodical  raius,  and,  when 
the  water  retires,  the  rank  vegetation  and  wide  spreading  marshes 
under  a  tropical  sun  send  forth  exhalations  nearly  as  fatal  to 
man  as  the  tsetse  is  to  cattle;  indeed,  one  place  is  called  The 
Fever  Ponds. 

The  Zambesi  is  the  main  watercoiu'se  of  the  magnificent  river 
system  into  which  all  the  lesser  systems  and  streams  flow,  many 
of  which  are  great  deep  rivers.  The  natives  are  quite  aware  of  ita 
importance,  since  its  various  names  of  Luameji,  Leeambye,  and 
Zambesi,  simply  mean  '  The  River.'  It  makes  various  windings 
in  its  coiu'se  from  the  W.,  especially  an  almost  semicircular  bend 
to  the  S.,  at  the  extremity  of  which,  in  17°  57'  S.  lat.  and  26°  6'  E. 
long.,  it  forms  a  magnificent  cataract,  broader  and  higher  than 
Niagara,  descending  into  a  very  remarkable  zigzag  cleft  in  the 
rocks  350  ft.  deep,  to  which  the  name  '  Victoria  Falls '  has  been 
given.  Then  it  flows  N.  in  rapids  till  it  is  joined  by  its  tributary 
the  Kafue,  when  it  tm^ns  E.  and  flows  generally  in  that  direction 
to  the  Mozambique  Channel,  forming  a  delta  300  m.  long.  In 
some  places  the  river  is  a  mile  broad,  with  islands  covered  with 
the  richest  vegetation  of  large  trees,  among  which  the  date  palm 
and  the  lofty  palmyra  are  the  most  beautiful. 

•   The  productions  of  this  country  are  most  valuable.  The  Roman 
Catholic  missionaries  introduced  the  pine  apple,  which  now  grows 
for  miles  along  the  roads  in  Angola ;  and,  what  is  of  more  import- 
ance, the  finest  Mocha  cofiee,  which  grows  wild  in  the  gi-eatest 
abundance.    Dr.  Livingstone  found  the  vine  loaded  with  bunches 
of  dark  piu'ple  grapes,  the  indigo  plant  in  great  abimdance,  the 
sugar  cane,  papyrus,  a  strong  kind  of  flax,buaze,  senna,  and,  in  the 
woods  where  fever  prevails,  a  kind  of  cinchona,  which  the  natives 
use  as  a  remedy  against  that  malady.    They  cultivate  wheat, 
manioc,  yams,  miUet,  rice,  bananas,  and  vast  quantities  of  Oaiii-e 
corn.    The  sugar  cane  has  been  cultivated  by  them  from  time  im- 
memorial, though  they  have  never  discovered  how  to  make  sugar 
from  it.    Elephants'  tusks  and  beeswax  are  articles  of  commerce 
the  pioneer  to  the  hives  being  the  honey  bird,  a  species  of  cuckop 
The  enormous  quantity  of  wild  animals  shows  that  pasture  land  m 
this  upper  region  of  the  Zambesi  must  be  very  extensive.  Dr. 
Livingstone  fell  in  with  troops  of  elephants  exceeding  anything 
hitherto  described,  and  so  tame  that  he  was  obliged  to  haUoo  to  them 
to  get  out  of  the  way ;  besides  bufialoes,  girafies,  zebras,  antelopes, 
and  wild  hogs  in  great  numbers. 

The  mineral  riches  are  very  considerable.  The  town  of  iete, 
on  the  Zambesi,  stands  in  an  extensive  coal  field,  part  ot  whicii 
is  surrounded  by  a  gold  producing  district ;  and  iron,  of  a  quahty 
equal  to  that  of  Sweden,  is  used  by  the  natives  for  their  weapons. 
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In  1859  Dr.  Livingstone  discovered  the  great  freshwater  lake 
Nyassa,  wliich  stretches  nearly  N.  and  S.  260  m.  with  a  width 
varying  fro^n  20  to  60  m.,  and  an  area  of  9000  sq.  m.  It  is  not  a 
shallow  sheet  of  water  like  Lake  jSTgami,  but  is  of  great  depth,  with 
the  water  as  blue  as  that  of  the  ocean ;  no  bottom  was  found  in  some 
places  with  a  line  of  40  fathoms.  A  range  of  mountains  borders 
the  lake  on  each  side,  from  which  descend  numerous  perennial 
streams ;  the  prevailing  winds  are  from  the  S.E.,  and  they  blow 
with  such  force,  in  the  height  of  the  dry  season,  when  not  a  cloud 
obscm-es  the  sky,  that  an  ordinary  sailing  boat  runs  hourly  risk  of 
being  capsized.  The  lake  lies  at  an  altitude  of  1622  ft.  above 
the  sea  level,  and  at  the  S.  end  the  sm-plus  waters  flow  off  by 
the  Kiver  Shire  towards  the  Zambesi,  the  river  forming  a  series  of 
cataracts  and  rapids  in  its  descent  towards  the  low  country.  To 
I  the  S.E.  of  this  magnificent  sheet  of  water,  and  separated  from  it 
by  an  isthmus  30  m.  wide,  lies  Lake  Shirwa,  a  much  smaller  area, 
enclosed  by  mountains  on  the  border  of  the  plateau  at  an  elevation 
of  2000  ft.  above  the  sea :  its  brackish  waters  have  no  outlet. 

§  6.  Tropical  Africa  ;  SSsploratioms  of  Burtom,  Spelie, 
Baker,  Iiivingrston©. — While  Dr,  Livingstone  was  making  these 
remarkable  discoveries  Captains  Biu'ton  and  Speke  retm-ned  from  a 
jom-ney  which  they  made  from  Zanzibar  into  the  interior  of  tropical 
Africa  more  to  the  N.  They  ascended  the  River  Pangany  for  120  m. 
through  an  unhealthy  but  rich  and  rather  well  cultivated  plain,  and 
crossed  the  coast  chain  of  mountains,  about  60  m.  broad.  The 
interior,  at  first  poor,  soon  became  a  luxuriant  coimtry,  in  which 
tobacco,  cotton,  and  various  useful  plants  are  cultivated  by  a  peace- 
ful race  of  negroes  who  possess  abimdance  of  cows  and  goats,  and 
know  how  to  manufacture  both  iron  and  cotton.  On  proceeding 
into  the  interior  the  travellers  discovered  the  Lake  Tanganyika, 
which  lies  between  the  parallels  of  3°  10'  and  7°  60'  S.  lat.,  its 
centre  being  in  about  30°  E.  long.  It  abounds  in  good  fish,  and, 
as  the  tsetse  fly  does  not  infest  this  part  of  Africa,  its  banks  are 
browsed  by  the  red  oxen  that  are  common  throughout  the  country, 
and  occasionally  have  stupendous  horns.  At  a  distance  of  200  m. 
of  vei-y  lofty  mountainous  coimtry  N.W.  from  Lake  Tanganyika, 
Captain  Speke  came  to  a  great  freshwater  lake  called  the  Victoria 
Nyanza,  3808  ft.  above  the  level  of  the  sea,  which  he  believed  to 
be  the  ultimate  source  of  the  Nile,  and  which  he  afterwards  re- 
visited in  company  with  Captain  Grant.  On  this  latter  memorable 
expedition,  the  two  travellers  ti*aversed  the  region  of  Equatorial 
Africa  from  Zanzibar  to  the  upper  waters  of  the  Nile,  emerging 
on  the  Mediterranean  in  the  month  of  June  1863.  They  sldrted 
the  W.  shores  of  the  lake,  but  seldom  sighted  its  waters,  and  then, 
after  following  the  stream  which  drained  it  on  the  N.  for  some 
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portion  of  its  course,  struck  across  for  the  White  Nile.  They  were 
informed  by  the  natives  that  this  stream  entered,  not  far  to  the  W., 
a  second  great  lake  before  it  reemerged  as  the  Nile.  4legi'etting 
that  he  was  unable  to  visit  -  this  second  lake,  the  Luta  Nzige, 
Captain  Speke,  on  his  arrival  at  Gondokoro,  recommended  Mr.  (now 
Sir  Samuel)  Baker,  who  had  come  up  the  Nile  bringing  succour  to 
the  expedition,  to  endeavour  to  reach  it.  The  advice  was  taken, 
and  in  1864  the  result,  as  is  now  well  known,  was  the  discovery 
of  the  Albert  Nyanza,  a  still  grander  sheet  of  water  than  the 
Victoria,  lying  in  a  deep  trough  amid  lofty  mountains  and  glorious 
Alpine  scenery.  The  Albert  Nyanza  lies  at  an  altitude  of  about 
2720  ft.  above  the  sea  level,  or  above  1000  ft.  lower  than  the  Vic- 
toria Lake,  the  slope  of  the  country  being  from  S.E.  to  N.W. 

In  1866  Livingstone  commenced  the  last  and  most  important 
of  his  journeys.  Entering  Eastern  Africa,  near  the  mouth  of  the 
Rovimia,  he  penetrated  to  the  E.  shore  of  Lake  Nyassa.  Having 
rounded  the  S.  end  of  the  lake  he  turned  N.,  and,  traversing  the 
Lobisa  highlands,  he  proceeded  to  the  Oazembe,  and  to  Ujiji 
on  Lake  Tanganyika,  discovering  on  the  way  the  great  Lake 
Bangweolo,  and  that  grand  river,  the  Lualaba.  Communica- 
tions from  him  suddenly  ceasing,  he  was  sought,  found,  and 
relieved,  by  Mr.  Stanley,  who  left  him  again  in  March  1872.  In 
the  following  August  Livingstone  resumed  his  explorations,  but 
died  in  May  1873,  near  the  shores  of  Lake  Bangweolo.  The  great 
traveller's  principal  object  in  this  expedition  had  been  '  to  define  the 
true  watershed  of  inner  Africa.' 

After  the  death  of  Livingstone,  Lieut.  Cameron,  who  had  been 
sent  out  at  the  head  of  the  Livingstone  Relief  Expedition,  explored 
the  great  drainage  system  S.W.  of  Livingstone's  lakes,  and  had 
determined  that  those  waters  were  probably  connected  with  the 
Congo,  and  not  with  the  Nile.  Continuing  his  journey  westward, 
he  reached  Benguela,  on  the  coast,  in  September  1875,  having 
traversed  nearly  3000  m.,  of  which  about  1200  were  over  entirely 
new  ground. 

§  7.  Abyssinia  ;  Physical  Ciiaracteristics ;  Geologrical 
Structure. — The  vast  Alpine  promontory  of  Abyssinia  or  Ethiopia,^ 
700  m.  wide,  projects  from  the  table-land  for  300  m.  into  the  low 
lands  of  North  Africa.  It  dips  to  a  low  swampy  region  on  the  N., 
to  the  plains  of  Senaar  and  Kordofan  on  the  W.,  and  on  the  E. 

1  The  name  of  Ethiopia-  is  still  used  by  tlie  Abyssininns,  as  stated  by 
M.  A.  d'Abbadie  ,-who  resided  many  years  among  them,  as  including  Abys- 
sinia proper,  the  Bija  country  as  far  as  Sawakin,  the  Afar  (Aidal  of  our 
maps),  the  Somaly,  Gurage,  and  Galla  -countries.  The  word  Abyssinia, 
according  to  the  same  traveller,  is  better  employed  in  the  Arab  sense  for 
those  popixlations,  chiefly  Christian,  which  have  lost  all  idea  of  tribe. 
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sinks  abruptly  to  tlie  coast  at  a  short  distance  from  tlie  shores  of 
the  Eed  Sea.  It  is  there  from  8000  to  9000  ft.  high  on  the 
plateau  of  Tigre,  but  declines  towards  the  -west,  so  that  in  the 
16th  parallel  of  N.  lat.  the  E.  slope  of  the  table-land  towards 
the  Red  Sea  is  nearly  20  times  greater  than  the  counter  slope 

I  towards  the  Nile  ;  the  edge  of  the  latter,  however,  is  from  3000  to 

.  4000  ft.  above  the  plains.^  The  table-land  of  Abyssinia  is  a  suc- 
cession of  plains,  diversified  by  higher  insulated  mountain  masses, 
which  in  the  S.  attain  an  altitude  of  from  12,000  to  15,000  ft.''* 
These  plains  are  intersected  by  the  extremely  deep  ravines  in  which 
flow  the  numerous  streams  that  form  the  tributaries  of  the  Nile  on 
the  one  hand,  and  the  Hawash  and  its  afiiuents,  which  flow  towards 
the  Indian  Ocean,  to  be  lost  in  a  swamp,  or  in  the  salt  plains,  on  the 
other.    The  edge  of  the  table-land  on  the  "W.  is  steep ;  the  streams 

I  run  to  the  low  lands  through  valleys  from  3000  to  4000  ft.  deep. 
These  gorges  have  often  wild  and  extremely  picturesque  scenery. 

I  They  contain  in  their  depths  a  tropical  vegetation,  while  towards 
their  upper  portions,  the  flora  of  Italy  and  of  England  find  repre- 
sentatives. A  traveller  in  ascending  them  might  imagine  that  he  is 
crossing  a  mountain  range,  whereas,  on  coming  to  the  top,  he  finds 
himself  on  a  high  plain.  This  elevated  couutry  has  lakes,  swamps, 
verdant  meadows,  and  cidtivated  land,  producing  various  kinds  of 
grain,  and  on  the  western  moimtains  cofl'ee  grows  wild.  The  plain 
of  Dembea,  the  granary  of  the  country,  enjoys  perpetual  spring. 
M.  A.  d  Abbadie  and  Dr.  Beke  travelled  to  within  8°  of  the  equator, 
and,  by  their  account,  the  country  S.  of  Abyssinia  appears  to 
be  similar  to  that  of  Shoa  and  Gojam — extensive  undulating 
plains,  with  occasional  mountain  masses,  and  traversed  by  numerous 
sti'eams  ;  wide  tracts  must  be  7000  or  8000  ft.  high,  as  they  only 
produce  barley  :  the  country  towards  Kaffa  and  the  sources  of  the 
Gojeb  is  still  higher,  and  in  some  parts  desert ;  but  the  caravan 
road  between  Wallega  and  Kaffa  passes  through  a  vast  forest 
impervious  to  the  rays  of  the  sun,  which,  according  to  the  accounts 
of  the  merchants,  is  not  seen  for  four  or  five  days  successively ;  and 
W.  of  the  Did-esa  there  are  immense  grassy  plains,  the  elephant 
himting  grounds  of  the  Galla  tribes. 

The  expedition  sent  from  England,  in  1868,  for  the  relief  of  the 
British  prisoners  detained  by  King  Theodore  was  accompanied  by 
scientific  men  who  carefully  examined  the  geography  of  the 
country  through  which  the  force  passed.     The  Wadela  and 


^  Estimated  from  N.E.  to  S.W.,  the  proportion  of  the  two  slopes  of  the 
Abyssinian  table-land  is  as  12'G  to  1. 

The  highest  inliabited  village  visited  by  M.  d'Abbadie  was  that  of 
Arquiaze,  in  the  province  of  Simiin,  12,450  ft.  above  the  sea. 
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Dalanta  plateaux,  wliicli  were  crossed  on  tlie  road  to  Magdala, 
have  an  elevation  of  over  9000  ft. ;  and  it  is  evident,  says  Mr. 
Clements  Markham,  that  they  were  once  a  single  mass  of  columnar 
basalt.  The  Kiver  Jitta  has  in  the  course  of  ages  cut  a  deep  ravine 
of  3500  ft.,  which  has  almost  perpendicular  sides,  between  these 
plateaux.  The  Beshilo  ravine,  still  deeper  than  that  of  the  Jitta, 
boimds  the  Dalanta  plateau  on  the  S. ;  and  the  Magdala  system, 
or  knot  of  mountains,  lies  with  others  still  farther  to  the  S.  The 
country  here  consists  of  moimtain  masses,  many  with  perpendicular 
sides  only  broken  by  terraces,  and  with  flat  summits  on  which 
forts  have  been  constructed.  These  mountains  are  separated  by 
deep  ravines  and  gorges.  Magdala  itself  is  a  mass  of  columnar 
basalt,  with  scarped  perpendicular  sides,  and  with  a  waterless 
plateau  on  the  top,  which  is  about  2  m.  long  by  half  a  mile 
across ;  it  is  9050  ft.  above  the  level  of  the  sea.  The  lofty  ridges 
and  deep  ravines  of  the  country  round  Magdala  are  very  grand, 
and  overtopping  them  all  rises  the  straight  basaltic  wall  of 

Dalanta.  . 

The  geological  structure  of  Abyssinia  is  somewhat  sunilar  to 
that  of  the  Cape  of  Good  Hope,  the  base  being  gi-anite  and  the 
superstructure  sandstone,  occasionally  limestone,  schist,  and 
breccia.  The  granite  comes  to  the  surface  in  the  lower  parts  of 
Abyssinia  ;  but  sandstone  predominates  in  the  upper,  and  assumes 
a  tabular  form,  often  lying  on  the  tops  of  the  moimtains  in 
enormous  flat  masses,  only  accessible  by  steps  cut  in  the  rucks  or 
by  ladders :  such  insulated  spots  are  used  as  state  prisons.  Large 
tracts  of  ancient  volcanic  rocks  occur,  especially  in  Shoa.  Trap 
rocks  also  abound  in  Simen.    Many  of  the  hiU  forts  m  Abyssima 

are  basaltic.  ^  •+ 

S  8  senegambia.— The  appendage  to  the  western  extremity 
of  the  table-land  also  projects  far  into  the  low  lands,  and  is  the 
watershed  whence  the  streams  flow  on  one  side  to  the  plains  ot 
Soudan,  where  they  join  the  Joliba  or  Niger  ;  and  from  the  other 
to  the  Gambia,  Senegal,  and  to  other  rivers  which  run  into  the 
Atlantic  over  a  plain,  rich,  cultivated,  but  imhealthy  from  the 

"tr™StnrBes«.ts.-The  moistui-e  that  descends 
from  the  northern  edge  of  the  table-land  of  South  Africa,  imder 
the  fiery  radiance  of  a  tropical  sun,  fertihses  a  tract  of  coimtry 
stretchino-  fi-om  sea  to  sea  across  the  continent,  the  commencement 
of  the  African  low  lands.  A  great  part  of  this  region,  which 
contains  manyMngdoms  and  commercial  cities,  is  a  very  productive 
couSy.  S  abimdance  of  water,  the  industij  of  the  natives  in 
iiXa  inc.  the  ground,  the  periodical  rams,  and  the  ropical  heat 
leave  tt  soif  no  repose.    Agricultm-e  is  in  a  rude  state,  but 
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nature  is  so  bountiful  that  rice,  millet,  and  other  grains  are  raised 
in  sufficient  quantity  to  supply  the  wants  of  a  numerous  popula- 
tion. Gold  is  found  in  the  river  courses,  and  elephants  abound  in 
the  forests ;  but  slaves  form  the  staple  of  the  commerce  of  these 
States. 

In  the  very  centre  of  this  fine  country  lies  Lake  Tchad,  almost 
like  a  sea,  and  receiving-  many  large  rivers,  especially  the  Shari 
and  Mayo ;  the  latter  is  mentioned  by  Dr.  Earth  as  only  to  be 
compared  with  the  Nile  at  highest  flood.  The  celebrated  port  of 
Elabara,  near  which  the  city  of  Timbuctu  is  situated,  is  several 
miles  from  the  river,  and  only  accessible  during  five  months  in  the 
year,  when  the  rains  are  heavy.  It  is  in  17°  30'  N.  lat.,  and  3°  W. 
long. 

This  long  belt  of  never  fading  vitality'-,  which  has  its  large  lakes, 
poisonous  swamps,  deep  forests  of  gigantic  trees,  and  vast  solitudes 
in  which  no  white  man  ever  trod,  is  of  small  width  compared  with 
its  length.  In  receding  from  the  mountains  the  moisture  becomes 
less  and  the  soil  gradually  worse,  bufficing  only  to  produce  grass 
for  the  flocks  of  the  wandering  Bedouin.  At  last  a  hideous  barren 
waste  begins,  which  extends  northwards  800  m.  in  imvaried  deso- 
lation to  the  grassy  steppes  at  the  foot  of  the  Atlas  ;  and  for  1000 
m.  between  the  Atlantic  and  the  Eed  Sea  the  nakedness  of  this 
blighted  land  is  unbroken  but  by  the  valley  of  the  Nile  and  a  few 
oases  in  its  neighbourhood. 

In  the  W.  about  760,000  sq.  m.,  an  area  equal  to  that  of  the 
Mediterranean  Sea,  and,  in  some  parts,  of  a  lower  level,  is  covered 
by  the  trackless  sands  of  the  Sahara  Desert,  which  is  even  pro- 
longed for  miles  into  the  Atlantic  Ocean  in  the  form  of  sand  banks 
This  desert  is  alternately  scorched  bv  heat  and  pinched  by  cold" 
The  wind  blows  from  the  E.  9  months  in  the  year ;  and  at  the 
equinoxes  it  rushes  in  a  hurricane,  driving  the  sand  in  clouds 
before  it,  producing  the  darkness  of  night  at  middav,  and  over- 
whehmng  caravans  of  men  and  animals  in  common "  destniction 
Then  the  sand  is  heaped  up  in  waves  ever  vai7ing  with  the  blast  • 
even  the  atmosphere  is  sand.  The  desolation  of  this  dreary  waste' 
bouudless  to  the  eye  as  the  ocean,  is  terrific  and  sublime  :  the  drv 
heated  air  is  like  a  red  vapour,  the  setting  sun  seems  to  be  a 
volcanic  fii-e  and  at  times  the  burning  wind  of  the  desert  is  the 
blast  of  death  There  are  many  salt  lakes  to  the  N.,  and  even  the 
springs  are  of  brme  ;  _  thick  incrustations  of  dazzling  salt  cover  the 
ground,  and  the  particles,  carried  aloft  by  whirlwinds,  flash  in  the 
sun  like  diamonds. 

Sand  is  not  the  only  characteristic  of  the  desert;  tracts  of 
gravel  and  low  bare  rocks  occur  at  times,  not  less  Wn  and 
areary;  but  on  tlie  eastern  and  northern  borders  of  the  Sahara 
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fresli  -water  rises  near  tlie  surface,  and  produces  an  occasional 
oasis  where  barrenness  and  vitality  meet.  Tlie  oases  are  generally- 
depressed  below  tlie  level  of  tlie  desert,  with  an  arenaceous  or 
calcareous  border  enclosing  their  emerald  verdure  like  a  frame. 
The  smaller  oases  produce  herbage,  ferns,  acacias,  and  some  shrubs  ; 
forests  of  date  pahns  grow  in  the  larger,  which  are  the  resort  of 
lions,  panthers,  gazelles,  reptiles,  and  a  variety  of  birds. 

In  the  Nubian  and  Libyan  deserts,  to  the  E.  of  the  Sahara,  the 
continent  shelves  down  towards  the  Mediten-anean  in  a  series  of 
terraces,  consisting  of  vast  level  sandy  or  gi-avelly  deserts,  lying  E. 
and  W.,  separated  by  low  rocky  ridges.    This  shelving  country, 
which  is  only  540  ft.  above  the  sea  at  the  distance  of  750  m. 
inland,  is  cut  transversely  by  the  Nile,  and  by  a  deep  fm-row 
parallel  to  it,  in  which  there  is  a  long  line  of  oases.  This 
furrow,  the  Nile,  and  the  Eed  Sea,  which  is  nearly  parallel  to 
both,  are  flanked  by  rocky  eminences  which  run  N.  from  the  table- 
land. .  , 
On  the  interminable  sands  and  rocks  of  these  deserts  no  animal 
—no  insect— breaks  the  dread  silence ;  not  a  tree  nor  a  shrub  is  to 
he  seen  in  this  land  without  a  shadow.    In  the  glare  of  noon  the 
air  quivers  with  the  heat  reflected  fi-om  the  red  sand,  and  in  the 
night  it  is  chilled  under  a  clear  sky  sparkling  with  its  host  of  stars. 
Strano-ely  but  beautifuUy  contrasted  with  these  scorched  sohtudes 
is  the"narrow  vaUey  of  the  Nile,  threading  the  desert  for  1000  _m. 
in  emerald  green,  with  its  waters  foaming  with  rapids  among  wild 
rocks,  or  quietly  spreading  in  a  calm  stream  amidst  fields  of  com 
and  the  august  monimients  of  past  ages. 

At  the  distance  of  a  few  days'  jom-ney  W.  from  the  Nile,  over 
a  hideous  flinty  plain,  lies  the  furrow  abeady  mentioned,  ti-ending 
to  the  N.,  and  containing  the  oases  of  Darfur,  Selime,  the  Great 
and  Little  Oases,  and  the  parallel  valleys  of  the  Natron  Lakes,  and 
Bahr  Belamaorthe  'DryKiver.'  The  Great  Oasis,  or  Oasis  of 
Thebes  is  120  m.  long  and  4  or  5  m.  broad ;  the  Lesser  Oasis, 
separated  from  it  by  40  m.  of  desert,  is  of  the  same  form.  Both 
are  rich  in  verdui-e  and  cultivation,  with  villages  amid  pabn 
groves  and  date  plantations,  mixed  with  the  rmns  of  remote 
antiquity,  oflering  scenes  of  peaceful  and  soft  beauty  contrasted 
with  the  surroimding  gloom.  The  Natron  Lakes  are  in  the 
Lthern  part  of  the  valley  of  Nitrun,  35  m.  W.  of  the  Nile; 
the  southern  part  is  a  beautiful  retired  spot,  that  became  the 
retreat  of  Christian  monks  in  the  middle  of  the  second  cen- 
turv,  and  at  one  time  contained  360  convents,  of  which  only  4 
remain;  from  these  some  ancient  valuable  manuscripts  have  been 
obtained. 
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Another  line  of  ofwes  runs  along  tlie  latitude  of  Cairo,  with 
freshwater  lakes,  no  less  fertile  than  the  preceding.  In  one  of 
them  are  the  ruins  of  the  Temple  of  Jupiter  Ammon. 

Hundreds  of  miles  on  the  northern  edge  of  the  desert,  from  the 
Atlantic  along  the  southern  foot  of  the  Atlas  to  the  Great  Syrtis, 
are  pastm-e  lands  without  a  tree— an  ocean  of  verdm-e.  At  the 
Great  Syrtis  the  Sahara  reaches  the  shores  of  the  Mediterranean ; 
and,  indeed,  for  1100  m.  between  the  termination  of  the  Atlas  and 
the  little  tahle-land  of  Barca,  the  ground  is  so  unproductive  that 
the  population  only  amounts  to  about  30,000,  and  these  are  mostly 
wandering  tribes  who  feed  their  flocks  on  the  grassy  steppes. 
Magnificent  coimtries  lie  along  the  Mediterranean  coast  N.  of 
the  Atlas,  susceptible  of  cultivation.  History,  and  the  ruins  of 
many  cities,  attest  their  former  splendom- ;  even  now  there  are 
I  many  populous  commercial  centres,  and  much  grain  is  raised,  though 
a  great  part  of  these  valuable  kingdoms  is  badly  cultivated  or  not 
cultivated  at  all. 

§  10.  Geolog'ical  N-otice. — The  base  of  the  sandy  parts  of 
I  North  Africa  is  stifi"  clay ;  in  Lower  Nubia,  between  the  parallels 
of  Assouan  and  Esneh,  red  and  white  granite  prevail,  followed  by 
argillaceous  slates  and  sandstone ;  Middle  Egypt  is  calcareous  for 
the  great  band  of  nuvimulite  ^  Imiestone,  so  ably  traced  by  Sir  E. 
Mm-chison  over  nearly  a  third  of  the  globe,  from  the  Bay  of 
Biscay  to  the  shores  of  Aracan,  crosses  Africa  between  the  parallels 
of  16°  and  20°  N.  lat.,  and  lower  down  the  surface  is  covered  by 
the  alluvial  de]30sits  of  the  Nile. 

It  would  appear  that  S.  Africa,  though  similar  in  its  unbroken 
siu-face  and  peninsular  shape  to  South  America,  bears  no  resem- 
blance to  it  in  other  respects,  but  has  a  great  analogy  to  the 
Deccan  in  its  triangular  form,  its  elevated  platform,  and  in  the 
position  of  its  encompassing  moimtain  chains.  Besides,  there  is 
evidence  that  the  Tertiary  strata  on  the  table-land,  as  in  the  Deccan 
have  been  the  basin  of  a  gi-eat  freshwater  lake.  ' 
_  The  prodigious  extent  of  desert  is  one  of  the  most  extraordinarv 
circumstances  in  the  structure  of  the  old  continent  A  zone  of 
almost  iiTetrievable  desolation  of  at  least  120  degrees  of  lono-itude 
prevails  fi;om  the  Atlantic  Ocean  across  Africa  and  throuo-h 
Central  Asia  almost  to  the  shores  of  the  Pacific,  because  this  loL 
tract  IS  flanked  by  an  ahnost  continuous  chain  of  mountains  and 


fossihcrfTfl  'money;'  and  LMOo,  =  'astone';  „re 

of  Si     /       ,  resembling  small  coins.   These  belong  to  the  tribe 

of  Rhizopoda,  and  are  common  in  the  early  Tertiary  period 
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taHe-lands  wliicli  drain  tlie  prevailing  wi^ds  of  their  moistiu-e. 
■  There  are  also  many  large  districts  of  the  same  stenle  nature  m 
Em-ope  •  and  if  to  these  sandy  plains  the  deserts  of  Sihena  ht 
added  together  with  all  the  han-en  and  rocky  mountain  tracts, 
the  quantity  of  unproductive  land  in  the  Old  World  is  prodigious. 
The  quantity  of  salt  on  the  sandy  plains  is  great,  and  proves  that 
they  have  been  part  of  the  bed  of  the  ocean  or  of  inland  seas  at  no 
very  remote  geological  period.  The  low  lands  roimd  the  Black 
and  Caspian  Seas,  and  the  Lake  of  Aral,  seem  to  have  been  the 
most  recently  raised  from  the  sea,  from  the  great  proportion  ot 
shells  in  them  identical  with  those  now  existing  m  these  seas. 
The  same  may  be  said  of  the  Sahara  Desert,  where  salt  and  recent 
shells  are  plentiful. 


OHAPTEK  IX. 

THE  COKITNEOT  OE  AMEEICA. 

S  1   General  View  of  the  American  Continent.-Some 

thinner  portion  of  the  crust  of  the  globe  under  the  meridians  that 
t^Z^t  continent  of  America,  from  Cape  Horn  to  he  Arctic 
OcJan  must  have  yielded  to  the  expansive  forces  of  the  sub  er- 
Ocean,  must  n      y  contraction  of  the  strata  m  coohng. 

¥wo.hirJheTnd::  ha^e  arisen,  producing  the  g-test  influ- 
ence on  the  form  of  the  continent,  and  the  pecuhar  snnpliciiy^  that 
c^l/iTi  its  nrincipal  moimtain  systems,  which,  with  very  few 
prevails  m  its  P^^^^P^  j^^^^  N.  to  S.    The  continent 

rntriO  OOrm'  l^^^^^^^  two  great  peninsulas 

ToiS  l-r-riw  isthmus,  is  divided  by  natm-e  into 

Sou?h  oLtral,  and  North  America;  yet  these  three  are  comiected 

hr't  lS^ity  chain  of  the  Andes,  and  its  continuation,  the 

Eockt  Mountains  rumiing  parallel  to  the  Pacific  from  withm 

Se  Arctic  nearly  to  the  Antarctic  cii'cle.  In  this  course  every 
the  Arcmc  ne    y  ^  p^^^^. 

vainety  of  climate  IS  t^^^^^^  ^^.^^ 
congelation    0  t^e  scoichin  ^^^^  ^.^remes  of  heat  and 

the  moxm  ams  ^^^J}-^  .„v  of  a  few  hom-s  from  the 
-^^^-^y^y^Xrifrm  he  oasts 'of  Peru  to  tiie  snow  clad 
bm-ning  sands  f  ™  this  long  chain  there  are  three 

peaks  that  tower  ^"fYethem    in  .  ^^^^  ^_ 

distinct  varieties  of  ^^^^^^^^^^^^^^^^^  The  Andes 
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and  Mexico,  while  botli  are  dissimilar  to  the  North  American  pro- 
longation of  the  chain. 

§  2.  ivrountain  Systems  of  South  America;  the  Ancles. 

—The  .greatest  length  of  South  America  from  Cape  Horn  to  the 
Isthmus  of  Panama  is  about  4550  ni.  The  continent  is  very 
narrow  at  its  southern  extremity,  hut  increases  m  width  north- 
wards to  the  latitude  of  Cape  San  Boque  on  the  Atlantic,  between 
which  and  Oape  Blanco  on  the  Pacific  it  attains  its  greatest 
breadth,  of  nearly  3200  m.  It  consists  of  three  mountam  systems, 
separated  by  the  basins  of  three  of  the  greatest  rivers  in  the  world. 
The  Andes  run  along  the  western  coast  from  Oape  Horn  to  the 
Isthmus  of  Panama,  in  a  single  chain  of  inconsiderable  width,  but 
majestic  height,  dipping  rapidly  to  the  narrow  plains  on  the 
Pacific,  but  descending  on  the  E.  by  huge  spm-s  or  offsets,  and 
deep  valleys,  to  plains  of  vast  extent,  whose  level  is  for  himdreds 
of  miles  as  imbroken  as  that  of  the  ocean  by  which  they  are 
boimded.  Nevertheless  two  detached  mountain  systems  rise  from 
these  plains,  one  in  Brazil  between  the  Rio  de  la  Plata  and  the 
River  Amazon  ;  the  other,  that  of  Parima  and  Guiana,  between  the 
River  Amazon  and  the  Orinoco. 

The  great  chain  of  the  Andes  ^  first  raises  its  crest  above  the 
waves  of  the  Antarctic  Ocean  in  the  majestic  sombre  mass  of  Oape 
Horn,  the  southernmost  point  of  the  archipelago  of  Tierra  del 
Fiiego.'^  This  group  of  moimtamous  islands,  equal  in  size  to  Great 
Britain,  is  separated  from  the  mainland  by  the  Strait  of  Magellan. 
The  islands  are  penetrated  in  every  dhection  by  bays  and  narrow 
inlets  of  the  sea,  or  fjords,  ending  often  iii  glaciers  fed  by  the  snow 
on  the  summits  of  mountains  6000  ft.  high.  Peat  mosses  cover 
the  higher  declivities  of  these  mountains,  and  their  flanks  are 
clothed  with  densely  entangled  forests  of  brovm  beech,  which  never 
lose  their  dusky  leaves,  producing  altogether  a  savage  and  melan- 
choly landscape.  The  mountains  which  occupy  the  western  side 
of  this  cluster  of  islands  sink  down  in  extensive  plains  towards  the 
east,  like  the  continent  itself,  of  which  the  archipelago  is  but  the 
southern  prolongation.^ 

1  The  origin  and  meaning  of  the  name  *  Andes '  are  not  known ;  Anta= 
*  a  Tapir;'  ^wh's  the  name  of  one  of  the  moimtain  tribes;  ^w<a=' metal 
or  copper ; '  and  the  Spanish  Andenes  have  been  variously  supposed  to  give 
rise  to  the  name. 

2  Tierra  del  Fuego  =  ' the  land  of  fire.' 

5  The  surveys  of  the  late  Admirals  King  and  Fitzroy,  Darwin's  '  Journal 
of  a  Naturalist,"'  Dr.  Poppig's  'Travels  in  South  America,'  are  the  authorities 

■from  which  the  author  has  drawn  for  the  account  of  Tierra  del  Fuego, 
Patagonia,  and  Cliile  ;  Humboldt,  Tentland,  Poppig  and  Meyer,  of  Berlin, 

.for  Peru  and  the  Andean  chain  to  the  Isthmus  of  Pjmama. 


102 


PHYSICAL  GEOGKAPHY. 


Chap.  IX. 


The  Pacific  washes  the  very  base  of  the  Pataf>onian  Andes  for 
ahout  1000  m.,  from  Oape  Iloru  to  the  39th  parallel  of  S.  latitude. 
The  whole  coast  is  lined  hy  a  succession  of  archipelagoes  and  islands, 
separated  from  the  iron  bound  shores  by  narrow  arms  of  the  sea 
which,  in  the  more  southern  part,  are  in  i'act  profoimd  longitudinal 
valleys  of  the  Andes  filled  by  the  ocean,  so  that  the  islands  run- 
ning parallel  to  the  axis  of  these  mountains  are  but  the  summits  of 
an  exterior  range  rising  above  the  sea. 

The  coast  itself  for  650  m.  is  girt  by  walls  of  granite  rock, 
which  sink  into  unfathomable  depths,  torn  by  long  crevice?  or  fjords 
similar  to  those  on  the  Norwegian  shore,  and  ending  in  tremendous 
glaciers,  whose  masses,  falling  with  a  crash  like  thunder,  drive  the 
sea  in  sweeping  breakers  through  these  chasms.  The  islands  and 
the  mainland  are  thickly  clothed  with  forests,  which  are  of  a  less 
sombre  aspect  as  the  latitude  decreases  ;  and  more  to  the  N.  theio 
are  fertile  plains  inhabited  by  a  rude  people,  but  capable  of  sup- 
porting large  populations,  and  into  which  Ohilian  civilisation  is 
advancing. 

§  3.  The  Chilian  ilndes. — Between  the  Pass  of  Ohacabuco, 
N.  of  Santiago,  the  capital  of  Chile,  and  the  archipelago  of  Ohiloe, 
a  chain  of  hills,  composed  in  general  of  granite  rocks,  borders  the 
coast ;  between  which  and  the  Andes  exists  a  longitudinal  valley, 
well  watered  by  the  rivers  descending  from  the  central  chain,  and 
which  constitutes  the  most  fertile  portion,  nay,  the  garden  of  the 
Ohilian  Eepiiblic — the  rich  provinces  of  Santiago,  Talca,  Maiile, 
Niible,  and  Ooncepcion.  This  longitudinal  depression  may  be  con- 
sidered as  a  prolongation  northwards  of  the  strait  that  separates 
Ohiloe  from  the  mainland.  Many  peaks  of  the  Andes  enter  within 
the  limits  of  perpetual  snow,  between  the  40th  and  31st  parallels  ; 
some  of  which  are  active  volcanoes.  In  lat.  32°  39'  S.  rises  the 
Nevado  of  Aconcagua  (23,910  ft.),  which  towers  over  the  Ohilian 
village  of  the  same  name,  and  is  clearly  visible  from  Valparaiso. 
Although  designated  as  a  volcano,  a  term  generally  applied  in 
Chile  to  every  elevated  and  snowy  peak,  it  ofi"ers  no  trace  of 
modern  igneous  origin.  It  appears  to  be  composed  of  a  species 
of  porphyry  generally  found  in  the  centre  of  the  Chilian  chain. 
And  in  the  same  group,  but  farther  S,,  lies  the  Nevado  of  Tupuu- 
gato  (20,269  ft.).  The  line  of  perpetual  snow  makes  a  remarkable 
bend  in  Chile  ;  in  lat.  33°  8'  S.  it  is  12,780  ft.  above  the  sea  level ; 
7  degrees  farther  S.,  on  the  parallel  of  Yaldivia,  it  sinks  to  8300 : 
and  at  Oopiapo  it  rises  to  13,800  ft.  There  is  a  line  of  railway 
being  constructed  by  way  of  Kosario  and  Cordova,  which  is  meant 
soon  to  connect  Buenos  Ayres  on  the  Atlantic  with  Valparaiso 
on  the  Pacific. 

About  the  latitude  of  Ooncepcion  the  dense  forests  of  araucarias 
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and  of  other  semitropical  plants  cease  with  its  humid  equaWe 
climate  ;  and  as  no  rain  fails  in  Central  Chile  for  nine  months  in  the 
yeai-,  the  brown,  pm-ple,  and  tile  red  hills  and  mountains  are  only 
dotted  here  and  there  with  low  ti-ees  and  bushes  ;  very  soon,  how- 
ever, after  the  heavy  showers  have  anoistened  the  cracked  ground, 
it  is  covered  with  a  beautiful  but  transient  flora.  In  some  valleys- 
it  is  more  permanent  and  of  a  tropical  character,  mixed  with  Alpine 
plants.!  In  Northern  Chile  rain  falls  only  once  in  two  or  three 
years,  the  consequence  of  which  is  sterility  on  the  western  preci- 
pitous and  imbroken  descent  of  the  Andes :  on  the  E.,  two  secondary 
groups  separate  from  the  Centi-al  Cordillera,  which  extend  300  or 
400  m.  into  the  plains,  are  wooded  to  a  great  height.  The  Sierra 
de  Cordova,  the  most  southern  of  these,  commences  between  the 
33rd  and  31st  parallels,  and  extends  in  the  direction  of  the  Pam- 
pas ( =  Treeless  Plaim)  ;  more  to  the  N.  the  moimtains  of  Salta 
and  Jujuy  stretch  from  the  valley  of  Oatamarca  and  Tucimian 
towards  the  Rio  Vermejo,  one  of  the  tributaries  of  the  Pdo  de  la 
Plata. 

To  the  N.  of  Chile  succeeds  the  district  of  Atacama,  which  covers 
108,000  sq.  m.,  has  a  population  of  upwards  of  100,000,  and  belongs 
partly  to  Chile  and  partly  to  Bolivia.  It  is  a  rocky  and  rugged  tract 
almost  destitute  of  vegetation,  but  very  rich  in  copper  and  silver. 
The  chief  town,  Copiapo,  contains  11,432  inhabitants.  The  valley 
of  Atacama  is  about  7400  ft.  above  the  sea ;  in  the  Andes  W. 
of  it  rise  several  very  elevated  peaks,  one  of  which,  Hlaska, 
19,600  ft.  high,  is  an  active  volcano,  constantly  emitting  smoke 
from  its  summit. 

§  4.  The  Peruvian  Andes. — The  chain  takes  the  name  of 
the  Peruvian  Andes  about  24°  S.  lat.,  and  is  separated  from  the 
Paciiic  by  a  range  of  hills  composed  of  crystalline  rocks,  parallel 
to  the  sea  coast,  and  by  an  intervening  sandy  desert,  seldom  above 
(50  m.  broad,  on  which  rain  scarcely  ever  falls,  where  bare  rocks 
pierce  through  the  moving  sand.  The  width  of  this  coast  region 
is  nearly  the  same  as  the  Isthmus  of  Panama ;  but  damp  luxmiant 
forests,  full  of  orchidaceous  plants,  begin  to  show  themselves  about 
the  latitude  of  Payta,  and  continue  northwards  through  the  pro- 
vinces of  Guayaquil,  Esmeraldas,  and  Darien. 

From  their  southern  extremity  to  the  Nevado  of  Chorolque,  in 
21°  30'  S.  lat.,  the  Peruvian  Andes  form  one  grand  and  continuous 
range  of  mountains ;  but  N.  of  that  peak  the  chain  divides  into  two 
longitudinal  ridges,  which  enclose  a  series  of  valleys  or  table- 
lands, forming  so  many  basins,  separated  at  various  points  by 


1  Dr.  Pijppig's  '  Travels.' 
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ti-ansverse  groups  or  mountain  knots,  or  Ijy  single  ranges  crossing 
between  tliem  like  dykes,  a  structui-e  that  iDrevails  to  Pasto 
1°  13'  N.  lat.  ' 

§  6.  Soutb  American  Table-lands.— Unlike  the  table-lands 
of  Asia  at  great  elevations,  where  cultivation  is  confined  to  the 
more  sheltered  spots,  or  those  still  lower  in  Europe,  which  are  only 
fit  for  pasture,  these  lofty  regions  of  the  Andes  yield  exuberant 
crops  of  every  kind  of  Em-opean  grain,  and  have  many  populous 
cities  enjoying  the  iuxm-ies  of  civilised  life,  with  univei-sities, 
libraries,  civil  and  religious  establishments,  at  altitudes  equal  to 
that  of  the  Peak  of  TeneriiFe  (12,182  ft.).  ViUages  are  situated 
and  mines  are  worked  at  heights  as  great  or  even  greater  than  the 
top  of  Mont  Blanc.i  This  state  is  not  limited  to  the  present  times, 
since  these  table-lands  were  made  the  centre  of  civilisation  by  a 
race  of  men  who  '  bear  the  same  relation  to  the  Incas  and  the 
present  inhabitants  that  the  Etruscans  bear  to  the  ancient  Romans 
and  to  the  Italians  of  om-  own  days.' 

The  table-land  or  valley  of  the  Desaguadero,  one  of  the  most 
remarkable  of  these  basins,  has  an  altitude  of  12,900  ft.  and  a 
breadth  varying  from  30  to  60  m. :  it  stretches  400  m.  between 
the  two  parallel  chains  of  the  Andes,  and  between  the  transverse 
mountain  groups  of  Lipez,  in  20°  S.  lat.,  and  the  great  mountain 
knot  of  Vilcanota,  which,  extending  from  E.  to  W,,  shuts  in  the 
valley  on  the  N.W. ;  it  occupies  an  area  three  times  as  large  as 
Switzerland,  some  of  the  snowy  peaks  rising  8300  ft.  above  the  sur- 
face of  the  table-land,  from  which  an  idea  may  be  formed  of  the 
gigantic  scale  of  this  portion  of  the  Andes.  This  vaUey  is 
bounded  on  each  side  by  the  two  grand  chains  of  the  Peru-Bolivian 
Andes  :  that  on  the  W.  is  the  Cordillera  of  the  coast ;  the  range 
on  the  E."  is  the  Bolivian  Cordillera,  properly  speaking,  called  in 
its  N.W.  prolongation  the  Cordillera  Real.-  These  two  rows  of 
mountains  lie  so  near  to  each  other  that  the  whole  breadth  of  the 
table-land,  including  both,  is  only  226  m.  AU  the  snowy  peaks  of 
the  Cordilleras  of  the  coast  are  either  active  volcanoes  or  of  igneous 
origin,  and  are  all  situated  near  the  maritime  declivity  of  the 
chain ;  consequently,  the  descent  to  the  shores  of  the  Pacific  is 
everywhere  very  abrupt.  The  eastern  Cordillera,  which  begins 
near  jthe  metalliferous  mountain  of  Potosi,  is  below  the  level  of 
perpetual  snow  to  the  S.,  but  its  northern  portion  contains  the  tbi'ee 
peaked  mountains  of  the  Nevado  of  Sorata  (24,812  ft.),  of  Supaiwasi 


1  The  celebrated  silver  mines  of  Potosi  (16,150  ft.)  werejimtil  -within  the 
last'fifty  years,  worked  to  the  very  summit  of  that  metalliferous  mountain. 

2  Humboldt  and  Pentland. 
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and  Illimani  (21,338  ft.),  and  is  one  of  the  most  magnificent  portions 
of  the  Andes.  The  snowy  part  begins  with  the  gigantic  mass  of 
Illimani,  whose  serrated  ridges  are  elongated  in  the  direction  of  the 
axis  of  the  chain.  The  lowest  glacier  on  its  southern  slope  does 
not  descend  below  16,500  ft.,  and  the  valley  of  Tortoral,  a  mere 
gulf  in  which  Vesuvius  might  stand,  comes  between  Illimani  and 
the  Nevado  of  La  Mesada,  from  whence  the  eastern  Cordillera 
runs  to  the  N.W.  in  a  continuous  line  of  snow  clad  peaks  to  the 
group  of  Vilcanota,  where  it  unites  with  the  western.  The 
sharp  and  serrated  chain  on  the  E.  forms  a  striking  contrast  with 
the  conical  and  dome  shaped  OordiUera  of  the  coast.  All  the 
rivers  and  streams  that  rise  on  the  E.  side  of  the  Cordillera  of  the 
coast  flow  to  the  afliuents  of  the  Amazon,  through  the  deep 
gorges  in  the  eastern  OordiUera  between  Illimani  and  the  Nevado 
of  Sorata. 

The  valley  of  the  Desaguadero,  occupying  150,000  sq.  m.,  has 
a  considerable  variety  of  siu'face  ;  in  the  S.,  throughout  the  mining 
districts,  it  is  cold  and  unproductive.  Potosi,  the  highest  city  in 
the  world,  stands  on  the  N.  declivity  of  the  Cerro  de  Potosi,  at  an 
elevation  of  13,280  ft.  Ohuquisaca  or  Sucre,  the  capital  of  Bolivia, 
containing  23,979  inhabitants,  lies  to  the  N.E.  of  Potosi,  in  the  midst 
of  a  cultivated  district.  The  northern  part  of  the  valley  is  populous, 
and  produces  barley,  potatoes,  and  in  sheltered  situations  even  wheat, 
and  maize ;  and  the  Lake  of  Titicaca,  twenty  times  as  large  as 
the  Lake  of  Geneva,  fills  the  N.W.  portion  of  this  great  basin.  The 
islands  and  shores  of  this  lake  still  exhibit  ruins  of  gigantic  magni- 
tude, momunents  of  a  people  more  ancient  than  the  Incas.  The 
modern  city  of  La  Paz  (pop.  76,372),  a  few  leagues  from  its  southern 
shores,  stands  in  the  bottom  of  a  deep  ravine,  on  each  side  of  an 
impetuous  torrent,  descending  from  the  ueighboiu-iug  snowy  peaks, 
having  in  full  view  the  vast  Nevado  of  Illimani  to  the  E.S.E.,  at  a 
distance  of  21  m. 

Many  offsets  diverge  from  the  eastern  side  of  the  Bolivian  Cor- 
dillera, which  terminate  in  the  great  plains  of  Chiquitos  and 
Paraguay ;  the  most  important  is  the  Cordillera  of  Yuracaraes, 
which  bounds  the  rich  valley  of  Cochabamba  on  the  N.,  and  ends 
near  the  town  of  Santa  Cruz  de  la  Sierra. 

There  are  some  fertile  valleys  in  the  snow  capped  group  of 
Vilcanota  and  Cuzco.  The  city  of  Cuzco  (pop.  48,000)  was  the 
capital  of  the  empire  of  the  Incas :  it  still  contains  numerous  ruins 
of  tliat  dynasty,  among  which  the  remains  of  the  Temple  of  the 
Sim,  and  the  Cyclopean  fortress  that  towers  over  it  to  the  N.,  still 
mark  its  former  splendour.  Four  aucieat  Peruvian  roads  led  from 
Cuzco  to  the  difierent  parts  of  the  empire,  little  inferior  in  many 
respects  to  the  old  Roman  ways:  all  crossing  mountain  passes 
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liigLer  than  the  summit  of  the  Peak  of  Teneriffe.  On  the  northern 
prolongation  of  the  chain  in  lat.  11°  S.,  encircled  by  the  Andes,  in 
the  elevated  plain  of  Bomhon  (14,000  ft.),  near  the  celebrated 
silver  mines  of  Pasco.  In  it  is  situated  the  Lake  of  Lauricocha, 
which  may  be  considered,  fi'om  its  remoteness,  as  one  of  the 
sources  of  the  Amazon,  There  are  many  small  lakes  on  the  table- 
lands and  high  valleys  of  the  Andes,  some  even  within  the  range  of 
perpetual  snow.  They  are  very  cold  and  deep,  often  of  the  pui-est 
sea  green  coloiu-. 

§  6.  Transverse  Kang:es  of  the  Andes. — The  chain  of  the 
Andes  is  di-saded  into  three  ranges  of  mountains  running  from  S.  to 
N.  in  the  transverse  group  or  mountain  knots  of  Pasco  and  Huanuco, 
which  shuts  in  the  valley  of  Bombon  between  the  11th  and  10th 
parallels  of  S.  latitude  :  that  in  the  centre  separates  the  wide 
fertile  valley  of  the  Upper  Maranon  from  the  stiU  richer  valley 
of  the  Huallaga,  whilst  the  more  eastern  forms  the  barrier 
between  the  latter  and  the  tropical  valley  of  the  Yucayali.  The 
western  chain  alone  attains  the  limit  of  perpetual  snow,  and,  if 
we  except  the  Nevado  of  Huaylillas,  in  7°  60'  S.,  no  moimtain 
N.  of  this  for  nearly  400  lu.  to  the  Andes  of  Quito  reaches  the 
snow  line. 

In  lat.  4°  50'  S.  the  Andes  form  the  moimtain  knot  of  Loja, 
celebrated  for  its  forests,  in  which  the  Cinchona  or  Peruvian  bark 
was  first  discovered.  From  this  knot  the  chain  divides  into  two 
great  longitudinal  ridges  or  Cordilleras,  in  an  extent  of  360  m., 
passing  through  the  republic  of  the  Equator  to  the  mountain  group 
of  Los  Pastos  in  that  of  New  Granada.  These  ridges  enclose  a 
great  longitudinal  basin,  which,  divided  by  the  cross  ridges  of 
Assuay  and  Chisiuche  into  three  portions,  forms  the  valleys  of 
Cuenca,  La  Tapia,  and  Quito.  The  plain  of  Quenca  offers  little 
interest;  that  of  La  Tapia  is  magnificent;  whilst  the  valley  of 
Quito  is  one  of  extraordinary  beauty :  on  either  side  rise  a  series 
of  snow  capped  peaks,  as  much  celebrated  in  the  history  of  science  as 
the  valley  itself  is  in  that  of  the  aboriginal  races  of  the  New  World. 
Here  the  energies  of  volcanic  action  have  been  studied  with  the 
greatest  advantage  ;  here,  more  than  100  years  ago,  was  executed 
that  measurement  of  an  arc  of  the  meridian  which  afforded  the 
most  accurate  data  at  the  time  towards  the  determination  of  the 
mass  and  form  of  our  planet,  and  which  has  reflected  eternal 
honour  on  the  body  with  which  it  originated,  the  French  Academy 
of  Sciences ;  and  celebrity  on  the  names  of  Bouguier,  La  Conda- 
mine,  Juan,  Ulloa,  and  Godin,  who  conducted  it  on  the  part  of  the 
cro-\vns  of  France  and  Spain. 

The  Cordillera  which  hems  in  the  valley  of  Quito  on  the  E.  con- 
tains the  snow  capped  peato  of  Antisana  (19,137  ft.),  Cotopaxi, 
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1    (19,600  ft.),  Timgaragua,  and  Sangay.    The  western  range  includes 
I    the  gigantic  Ohimliorazo  (21,424  ft.),  wliicli  may  he  seen  from 
the  coasts  of  the  Pacific,  and  the  pyramidal  peak  of  Illinissa,  the 
■wreck  of  an  ancient  volcano.    As  "the  Illinissa  is  seen  from  the 
ocean,  its  height  was  measured  by  the  direct  observations  of  the 
French  Academicians,  whence  the  elevation  of  the  valley  of  Quito, 
I    and  of  the  other  peaks  that  encircle  it,  was  deduced,  as  well  as  the 
earliest  approximate  value  of  the  barometrical  coefficient.    North  of 
Chimborazo,  and  near  it,  is  the  Oarguairazo ;  and  close  to  the  city 
I    of  Quito  rises  the  scarcely  less  celebrated  volcano  of  Pichincha 
j     (15,924  ft.)  ;  whilst  the  Nevado  of  Oayambe  (19,535  ft.)— whose 
i'    summit  is  traversed  by  the  equator — perhaps  the  greatest  and  most 
i    remarkable  landmark  on  the  earth's  sm'face,  closes  the  N.E.  ex- 
I    tremity  of  this  great  Andean  depression. 

i         The  vaUey  of  Quito,  one  of  the  finest  in  the  Andes,  is  200  m. 
J    long  and  30  wide,  with  a  mean  elevation  above  the  sea  of  10,000 
I    ft.,  and  bounded  by  the  most  magnificent  series  of  volcanic  moun- 
I    tains  in  the  New  World.    A  pecidiar  interest  is  attached  to  two  of 
i    the  many  volcanoes  in  the  parallel  Cordilleras  that  flanlj  it.  The 
I    beautiful  snow  clad  cone  of  Oayambe  Urcu  closes  it  on  the  north ; 
and  on  the  western  side  the  cross  still  stands  on  the  summit  of 
Pichincha,  which  served  as  a  signal  to  Bouguier  and  La  Oon- 
damine  in  their  memorable  measiu-ement  of  the  equatorial  arc  of 
the  meridian.^ 

Some  parts  of  the  plain  of  Quito  to  the  S.  are  sterile,  but  the 
SOU  generally  is  fertile,  and  perpetual  spring  clothes  it  with 
exuberant  vegetation.    The  city  of  Quito  (pop.  76,000)^  at  the 
base  of  Pichincha,  lies  at  an  elevation  of  9620  ft.    It  is  regularly 
and  well  built ;  the  churches  are  rich ;  it  possesses  a  university, 
and  many  of  the  comforts  and  luximes  of  civilised  life,  in  a 
'.    situation  of  unrivalled  grandeur.    Thus,  on  the  very  summit  of 
I    the  Andes  there  is  a  world  by  itself,  with  its  mountains  and  its 
valleys,  its  lakes  and  rivers,  populous  towns  and  cultivated  fields. 
Many  monuments  of  the  Incas  are  stiU  found  in  good  preservation 
I    in  these  plains,  where  the  scenery  is  most  noble— eleven  volcanic 
I    cones  are  visible  from  one  spot.    Although  the  Andes  are  inferior 
:    in  height  to  the  Himalaya,  yet  the  domes  of  trachyte,  the  trirn- 
'    cated  cones  of  the  active  volcanoes,  and  the  serrated  ruins  of  those 
that  are  extinct,  mixed  with  the  bold  features  of  primary  moun- 
tains, give  an  infinitely  greater  variety  to  the  scene,  while  the 
smoke,  and  very  often  the  flame,  issuing  from  these  regions  of  per- 
I    petual  snow,  increase  its  sublimity.     Stupendous  as  these  moun- 
I    tains  appear  even  from  the  plains  of  the  table-land,  they  are  merely 
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tlie  inequalities  of  tlie  tops  of  tlie  Andes,  the  serrated  summit  of 
that  mighty  chain. 

Between  the  large  group  of  Los  Pastes,  containing  several 
active  volcanoes,  and  the  group  of  Las  Papas,  in  2°  N.  lat.,  the 
bottom  of  the  valley  is  only  6920  ft.  above  the  sea;  and  N.  of  the 
latter  mountain  knot  the  crest  of  the  Andes  splits  into  3  OordiUeras, 
vfhich  diverge,  not  again  to  unite.    The  most  westerly  of  these, 
the  range  of  Choco,  which  may  be  considered  the  continuation  of 
the  gTcat  chain,  separates  the  valley  of  the  River  Oauca  fi-om  the 
Pacific ;  it  is  only  5000  ft.  high,  and  the  lowest  of  the  three. 
Though  but  20  m,  broad,  it  is  so  steep  and  so  difficult  of  access; 
that  travellers  cannot  cross  it  on  mules,  but  are  carried  on  men's 
shoidders  ;  it  is  rich  in  alluvial  deposits  of  gold  and  platinum.  The 
central  branch,  or  Cordillera  of  Quindiu,  runs  due  N.  between  the 
.valleys  of  the  Magdaleua  and  Oauca,  rising  to  a  great  height  in  the 
volcanic  peak  of  Tolima  (18,130  ft.).   The  last  two  chains  are  united 
by  the  mountain  knot  of  Antioquia,  of  which  little  more  is  known 
than  that  it  forms  two  great  masses,  which,  after  separating  the 
streams  of  the  Magdalena,  Oauca,  and  Atrato,  trends  to  the  Is. W., 
greatly  reduced  in  height,  and  with  the  chain  of  Ohoco  forms  the 
low  mountains  of  the  Isthmus  of  Panama.   The  most  easterly  of  the 
three  Cordilleras,  called  the  Sierra  de  la  Summa  Paz,  spreads  out  on 
its  western  declivity  into  the  table-lands  of  Bogota,  Tmija,  &c. 
&c.,  the  ancient  Oundinamarca,  v^hich  have  an  elevation  of  about 
9000  ft. ;  whilst  on  its  eastern  slope  are  the  sources  of  the  Sivers 
Guaviari  and  Meta,  the  head  waters  of  the  Orinoco.    The  great 
natural  crevice  of  Icononzo  occm-s  in  the  path  leading  from  the 
city  of  Bogota  to  the  banks  of  the  Magdalena.    It  was  probably 
formed  by  an  earthquake,  and  is  like  an  imfiUed  mineral  vein, 
across  which  are  two  natui-al  bridges :  the  lowest  is  composed  of 
stones  that  have  been  jammed  between  the  rocks  in  their  fall.^ 
This  Cordillera  comprises  the  Andes  of  Oundinamarca  and  Merida, 
and  runs  in  a  N.E.  direction  through  New  Granada  to  the  10th 
northern  parallel,  where  it  joins  the  coast  chain  of  Venezuela  or 
Caracas,  and  ends  at  Cape  Paria  in  the  Caribbean  Sea,  or  rather 
at  the  E.  extremity  of  the  Island  of  Trinidad.    This  coast  chain 
is  so  majestic  and  beautiful  that  Baron  Humboldt  says  it  is  like  the 
Alps  rising  out  of  the  sea  without  their  snow.  The  insulated  group 
of  Santa  Martha  (19,000  ft.),  deeply  covered  with  snow,  stands  on 
an  extensive  plain  between  the  delta  of  the  Magdalena  and  the  sea 
lake  of  Maracaybo,  and  is  a  landmark  to  mariners  far  off  in  the 
Caribbean  Sea. 

§  7.  Passes  of  the  Andes. — The  Passes  over  the  Chilian 
Andes  are  numerous  ;  the  double  one  of  the  Portillo  (14,365  ft.), 
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leading  from  Santiago  to  Mendoza,  is  tlie  liigliest ;  it  crosses  two 
ridges,  one  of  wliiclL  is  so  high  that  vegetation  ceases  far  below  its 
summit.  Those  in  Peru  are  higher,  though  very  few  reach  the 
snow  line.  In  Bolivia  the  mean  elevation  of  the  passes  in  the 
western  and  eastern  Cordillera  is  14,892  and  11,422  ft.  respectively. 
Guasco  (16,732  ft.),  leading  from  Sorata  to  the  amiferous  valley  of 
Tipuaui,  is  perhaps  the  highest  in  Bolivia.  The  Pass  of  Quindiu, 
in  New  Granada,  though  not  so  high,  is  the  most  difficult  of  all 
across  the  Andes :  but  those  crossing  the  mountain  knots  from 
one  table-land  to  another  are  the  most  dangerous.  The  road  over- 
the  Paramo  del  Assuay,  in  the  plain  of  Quito,  is  15,620  ft.  high  ; 
and  travellers  not  uufrequently  perish  from  cold  winds  in  attempt- 
ing it. 

§  8.  Climate  of  the  Andes. — On  the  W.  side  of  the 
Peruvian  Andes  little  or  no  rain  falls,  except  at  their  most  southern 
exti'emity ;  and  scanty  vegetation  appears  only  on  spots  or  in  small 
valleys  watered  by  streams  from  the  Andes.  Excessive  heat  and 
moisture  combine  to  cover  the  E.  side  and  its  offsets  with 
tangled  forests  of  large  trees  and  dense  brushwood.  This  exube- 
rance diminishes  as  the  height  increases,  tiU  at  last  the  barren 
rocks  are  covered  only  by  snow  and  glaciers.  In  the  Andes  near 
the  equator  glaciers  descending  below  the  snow  line  are  unknown. 
The  steepness  of  the  declivities  and  the  dryness  of  the  air  at  such 
great  elevations  prevent  any  accmnulation  of  infiltrated  water  :  the 
amiual  variations  of  temperature,  besides,  are  small.  Nothing  can 
siu-pass  the  desolation  of  these  regions,  where  nature  has  been 
shaken  by  terrific  convulsions.  The  dazzling  snow  fatigues  the 
eye  :  the  huge  masses  of  bold  rock,  the  mural  precipices,  and  th& 
chasms  yawning  into  dark  unknown  depths,  strike  the  imagination ; 
while  the  crash  of  the  avalanche  or  the  rolling  thiinder  of  the 
volcano  startles  the  ear. 

In  the  elevated  plains  between  the  transverse  groups,  such  as 
that  of  Bombon,  however  pure  the  sky,  the  landscape  is  lurid  and 
colourless ;  the  dark  blue  shadows  are  deeply  defined,  and  from  the 
thinness  of  the  air  it  is  hardly  possible  to  make  a  just  estimate  of 
distance.  Changes  of  weather  are  sudden  and  violent ;  clouds  of 
black  vapour  arise,  and  are  can-ied  by  fierce  winds  over  the  barren 
plains ;  snow  and  hail  are  driven  with  irresistible  impetuosity ;  and 
thunderstorms  come  on,  loud  and  awful,  without  warning.  Not- 
withstanding the  thinness  of  the  air,  the  crash  of  the  peals  is  quite 
appalling  ;  while  the  lightning  runs  along  the  scorched  grass,  and, 
sometimes  issuing  from  the  ground,  destroys  a  team  of  mules  or  a. 
•flock  of  sheep  at  one  flash.^ 
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Currents  of  warm  air  are  occasionally  met  with  on  tlie  crest  of 
tlie  Andes — an  extraordinary  phenomenon  on  such  gelid  heights, 
which  is  not  yet  explained  ;  they  generally  occur  two  hours  after 
simset,  are  local  and  narrow,  not  exceeding  a  few  fathoms  in  width, 
similar  to  the  equally  partial  blasts  of  hot  air  in  the  Alps.  A  sin- 
gular instance,  probalsly  of  earth  light,  occurs  in  crossing  the  Andes 
from  Chile  to  Mendoza.  On  this  rocky  scene  a  peculiar  brightness 
occasionally  rests,  a  kind  of  indescribable  reddish  light,  which 
vanishes  during  the  winter  rains,  and  is  not  perceptible  on  sunny 
days.  Dr.  Poppig  ascribes  the  phenomenon  to  the  dryness  of  the 
au' :  he  was  confirmed  in  his  opinion  from  afterwards  observing 
a  similar  brightness  on  the  coast  of  Peru,  and  it  has  also  been  seen 
in  Egypt. 

The  Andes  S.  of  Peru  descend  to  the  eastern  plains  by  a  series 
of  cultivated  terraces,  as  those  of  Tucumau,  Salta,  and  Jujuy,  in  the 
Hepublic  of  La  Plata.  That  of  Tuciunan  is  2500  ft.  above  the  sea. 
In  Peru  the  descent  to  the  E.  is  more  precipitous  ;  all  the  streams 
flow  to  the  plains  down  stupendous  ravines  or  quebradas,  the 
heights  dividing  one  watercourse  from  another  being  so  steep  and 
lofty  that  the  traveller  has  to  make  a  wide  circuit  to  pass  from 
valley  to  valley.  In  descending  by  the  banks  of  the  rivers,  the 
•change  is  rapid,  from  the  cool  region  of  scanty  vegetation  down  to 
the  sweltering  plains,  where  grow  the  banana  and  sugar  cane  in 
tropical  luxm-iance.  Light  mists  hang  over  the  forest  landscape  in 
early  morning,  and  the  gleam  of  leaping  cascades  from  the  neigh- 
bouring heights  adds  to  the  glory  of  the  scene.  Farther  N.,  on  the 
Huallaga,  the  Andes  end  abruptly  like  a  steep  wall,  and  the  tran- 
sition is  sudden  from  the  region  of  moimtains  to  that  of  the 
Amazon  plains,  which  extend  almost  without  inequalities  from  the 
foot  of  the  mountain  wall  to  the  Atlantic. 

§  9.  liow  Xiands  East  of  the  Andes.— The  low  lands  E.  of  the 
Andes  are  divided  by  the  table-lands  and  mountains  of  Guiana  and 
Brazil  into  three  parts  of  very  different  aspect,  viz.  the  Deserts  and 
Pampas  of  Patagonia  and  Buenos  Ayres  ;  the  Forest  Plains  of  the 
Amazon  ;  and  the  Llanos,  or  Grassy  Steppes,  of  the  Orinoco.  The 
eastern  table-lands  nowhere  exceed  2500  ft.  in  elevation.  The 
plains  are  so  low  and  flat,  especially  at  the  foot  of  the  Andes,  that 
:a  rise  of  1000  ft.  in  the  Atlantic  Ocean  would  submerge  more 
than  half  the  continent  of  South  America.  The  mountains  of 
Guiana  consist  of  two  distinct  systems,  which  lie  respectively  in 
'the  N  W  and  S.E.  of  this  region.  The  chief  range  of  the  N.W. 
system  is  the  Sierra  Nevada  de  Merida,  a  branch  of  the  Andes, 
wHch,  on  reaching  the  coast,  tm-ns  eastwards  and  runs  near  the 
sea  to  Point  Parina,  under  the  name  of  the  Sierra  Costanera.  The 
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culminating  point  of  these  mountains  lies  near  tlie  town  of  Merida 
(■whence  the  name  of  the  range),  and  reaches  an  elevation  of 
15,026  ft.  ahove  the  sea. 

The  S.E.  system  or  mountains  of  Parima  is  a  group  scattered 
over  a  tahle-land  not  more  than  2000  ft.  above  the  sea^  which  ex- 
tends 600  or  700  m,  from  E.  to  W.,  between  the  Kivers  Orinoco, 
Hio  Negro,  Amazon,  and  the  Atlantic  Ocean.  It  is  quite  un- 
connected with  the  Andes,  being  80  leagues  E.  from  the  moun- 
tains of  New  Granada.  It  begins  60  or  70  m.  from  the  coast  of 
Venezuela,  ascends  by  foiu'  successive  terraces  to  undulating  plains, 
which  reach  to  within  one  or  two  degrees  of  the  equator,  and  is 
'   twice  as  long  as  it  is  broad. 

■        Seven  chains,  besides  groups  of  mountains,  traverse  the  table 
land  from  W.  to  E.,  of  which  the  chief  is  the  Sierra  del  Parima. 
Beginning  at  the  mouth  of  the  Meta,  it  crosses  the  plains  of  Esme- 
'  ralda  to  the  frontier  of  Brazil.    This  chain  is  not  more  than  600  ft. 
■;  high,  is  everywhere  abrupt,  and  forms  the  watershed  between  the 
:  tributaries  of  the  Amazon  and  of  the  Orinoco.    The  Orinoco  rises 
;  on  the  N.  side  of  the  Sierra  del  Parima,  and  in  its  circuitous 
]  com-se  over  the  plains  of  Esmeralda  it  brealc?  through  that  chain 
i  and  the  parallel  one  of  the  Maypm-es  36  m.  to  the  S. :  dashing 
with  violence  against  the  transverse  shelving  rocks  and  dykes,  it 
forms  the  magnificent  series  of  rapids  and  cataracts  of  Maypures 
and  Atures,  fi'om  whence  the  Parima  Mountains  have  got  the  name 
of  the  Cordillera  of  the  Cataracts  of  the  Orinoco.    The  chain  is  of 
granite,  which  forms  the  banks  and  fills  the  bed  of  the  river, 
covered  with  luxuriant  tropical  vegetation,  especially  palm  forests. 
In  the  distiict  of  the  Upper  Orinoco,  near  Chirischana,  there  is  a 
granite  rock  which  emits  musical  sounds  at  sunrise,  like  the  notes 
of  an  organ,  occasioned  by  the  difference  of  temperature  of  the 
external  air  and  that  which  fills  the  deep  narrow  crevices  with 
which  the  rock  is  everywhere  torn.    Something  of  the  same  kind 
occurs  at  Mount  Sinai,  but  the  sound  is  there  caused  by  the  friction 
of  moving  sand.^ 

The  other  parallel  chains  that  extend  over  the  table-laud  in 
A^enezuela  and  Guiana,  though  not  of  great  height,  are  rugged,  and 
often  crowned  with  mural  ridges  :  they  are  separated  by  iia"t  savan- 
nahs, generally  barren  in  the  dry  season,  but  after  the  rains  covered 
with  a  carpet  of  long  emerald  green  grass,  mixed  with  flowers. 
The  vegetation  in  these  countries  is  beautiful  beyond  imagination. 
The  regions  of  the  Upper  Orinoco  and  Rio  Negro,  and  of  ahuost 
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all  the  moimtains  aud  bauks  of  rivers  in  Guiana,  are  clothed  witb 
majestic  and  impenetrable  forests,  whose  moist  and  hot  recesses 
Orchide^''°'''''*^  singular  and  beautiful  family  of  the 

Although  all  the  mountains  of  the  system  of  Parima  are  wild 
and  rugged,  they  are  not  high.  The  inaccessible  peak  of  the  Cen-o 
Duida,  which  rises  insulated  7155  ft.  above  the  plain  of  Esmeralda 
is  the  culminating  point,  and  one  of  the  highest  mountains  in 
South  America  E.  of  the  Andes.  The  fine  savannahs  of  the 
Rupununi  were  the  coimtry  of  romance  in  the  days  of  Queen  Eliza- 
beth. South  of  Pacaraima,  near  an  inlet  of  the  river,  the  far  famed 
city  of  Manoa  was  supposed  to  stand,  the  object  of  the  unfortunate 
expedition  of  Sir  Walter  Raleigh ;  about  11  m.  S.W.  of  which  is 
situate  the  Lake  Amucu,  '  the  Great  Lake  with  golden  banks  '— 
great  only  during  the  periodical  floods.'  Gold  has  been  rediscovered 
in  this  region  between  the  Imataca  Hills  and  the  Cuyuni  River, 
thus  affording  some  justification  of  the  reports  which  attracted 
our  gxeat  countryman. 

§  10.  Table-land  and   IVEountains   of    Brazil. — On  the 
southern  side  of  the  basin  of  the  River  Amazon  lies  the  table-land 
of  Brazil,  having  a  mean  height  of  about  2500  ft.,  which  occupies 
half  that  empire,  together  with  part  of  the  republics  of  the  Rio 
de  la  Plata,  and  Uruguay.    Its  form  is  triangular,  the  apex  being 
at  the  confluence  of  the  Rivers  Mamore  and  Beni ;  the  base  ex- 
tending near  the  shores  of  the  Atlantic,  from  the  mouth  of  the 
Rio  de  la  Plata  to  within  3  degrees  of  the  equator.    It  is  diffi- 
cult to  define  the  limits  of  this  vast  territory,  but  some  idea 
may  be  formed  of  it  by  following  the  directions  of  the  rapids 
and  cataracts  of  the  rivers  descending  from  it  to  the  plains  around. 
Thus  a  line  drawn  from  the  fall  of  the  river  of  the  Tocantins. 
in  3°  30'  S.  lat.,  to  the  cataracts  of  the  Madeira,  in  8°  S.  lat., 
will  nearly  mark  its  northern  boimdary;  from  thence  the  line 
would  run  S.W.  to  the  junction  of  the  Mamorg  and  Beni ;  then 
tm-niug  to  the  S.E.  along  the  ridges  of  moimtains  called  the 
Cordillera  Geral,  and  Sierra  Parecis,  it  would  proceed  S.  to  the 
cataract  of  the  Parana,  called  the  Sete  Quedas,  in  24°  30'  S.  lat. ; 
and  lastly  from  thence,  by  the  great  falls  of  the  River  Iguassu,  to 
the  Morro  de  Santa  Martha,  in  latitude  28°  40'  S.  of  the  Island  of 
St.  Catherine. 

Chains  of  mountains,  nearly  parallel,  extend  from  S.W.  to  N.E. 
700  m.  along  the  base  of  the  ti-iangle,  with  a  breadth  of  about 
400  m.  Of  these,  the  Sierra  do  Mar,  or  the  '  coast  chain,'  reaches 
from  the  River  Uruguay  to  Cape  San  Roque,  never  more  distant 
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than  20  m.  from  the  Atlantic,  except  to  the  S.  of  the  Bay  of  Santos, 
where  it  is  80.  It  is  the  richest  botanical  region  in  Brazil. 
Offsets  diverge  to  the  right  and  left ;  the  granitic  peaks  of  the 
Corcovado  and  Tejuco,  which  form  such  picturesque  objects  in 
that  most  magnificent  of  panoramas,  the  Bay  of  Eio  de  Janeiro,  are 
the  extremities  of  one.  The  parallel  chain  of  Espinha90,  beginning 
near  the  town  of  San  Paolo,  and  the  continuous  chains  of  the  Serra 
Prio,  forming  the  western  boundary  of  the  basin  of  the  Eio  San 
Fi-ancisco,  is  the  highest  in  Brazil,  one  of  its  mountains,  Itambe, 
being  8426  ft.  above  the  sea.  All  the  mountains  in  Brazil  have  a 
general  tendency  from  S.W.  to  N.E.,  except  the  transverse  chain 
of  the  Sierra  dos  Vertentes,  which  rises  60  m.  S.  of  Villa  Eica,  and 
runs  in  a  tortuous  line  to  its  termination  near  the  junction  of  the 
Mamore  and  Beni.  It  forms  the  watershed  of  the  tributaries 
of  the  San  Francisco  and  Amazon  on  the  N.,  and  those  of  the  Eio 
de  la  Plata  on  the  S. ;  its  greatest  height  is  3500  ft.  above  the 
sea  ;  its  western  part,  the  Sierra  Parecis,  is  merely  a  succession  of 
detached  hills.  This  chain,  the  coast  chain  of  Venezuela,  and  the 
mountains  of  Parima,  are  the  only  ranges  in  the  continent  of 
America  that  do  not  lie  substantially  in  a  meridional  direction. 

Forests  of  magnificent  trees,  boimd  together  by  tangled  creeping 
a,nd  parasitical  plants,  clothe  the  declivities  of  the  mountains  and 
line  the  banks  of  the  Brazilian  rivers,  where  the  soil  is  rich  and 
the  verdm-e  brilliant.  Many  of  the  plains  on  the  table-land  bear 
a  coarse  nutritious  grass  after  the  rains  only,  others  forests  of  dwarf 
ti-ees ;  but  vast  undulating  tracts  are  always  verdant  with  excellent 
pasture  intermixed  with  fields  of  corn.  Some  parts  consist  of  bare 
sand  and  roUed  quartz  ;  and  the  Oampos  Parecis,  N.  of  the  Sierra 
dos  Vertentes,  in  the  province  of  Matto  Grosso,  is  a  sandy  desert  of 
unlmown  extent,  similar,  but  upon  a  smaller  scale,  to  the  Great 
Gobi  on  the  table-land  of  Tibet. 


OHAPTEE  X. 

SOiriH  AMERICA. 


§  1.  tow  tands  of  South  America.— The  southern  plains 
are  the  most  barren  of  the  three  great  tracts  of  American  low 
lands:  they  stretch  from  Tierra  del  Fuego  over  27  degrees  of 
latitude,  or  1900  m.,  nearly  to  Tucimian,  and  the  hilly  counti-y  of 
±5raz:l.  Palms  grow  at  one  extremity,  deep  snow  covers  the  other 
many  months  m  the  year.  This  enormous  plain,  of  1,620,000  sa  m 
begins  on  the  eastern  side  of  Tierra  del  Fuego,  where  it  is  a  £ 
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covered  witli  trees,  and  therefore  superior  to  its  continuation  on  the 
continent  through  eastern  Patagonia,  which,  for  800  m.  from  the 
land's  end  to  beyond  the  Bio  Colorado,  is  a  desert  of  shingle.'  It 
is  occasionaUy  diversified  by  huge  boulders,  tufts  of  brown  grass, 
low  bushes  armed  with  thorns,  salt  lakes,  saliue  incrustatious  as 
white  as  snow,  and  by  black  basaltic  platfonns  like  plains  of  iron, 
at  the  foot  of  the  Andes,  barren  as  the  rest.    Eastern  Patagonia, 
however  is  not  one  universal  flat,  but  a  succession  of  shiugly 
horizontal  plains  at  higher  and  higher  levels,  separated  by  long 
lines  of  escarpments,  the  gable  ends  of  the  tiers  or  plams._  The 
ascent  is  smaU,  for  even  at  the  foot  of  the  Andes  the  highest 
of  these  platforms  is  only  3000  ft.  above  the  ocean.    The  plams 
are  here  and  there  intersected  by  a  ravine  or  a  stream,  the  waters 
of  which  do  not  fertiUse  the  blighted  soil.    The  transition  from 
intense  heat  to  intense  cold  is  rapid,  and  piercing  wmds  often  rush 
in  hm-ricanes  over  these  deserts,  shunned  even  by  the  Indian, 
except  when  he  crosses  them  to  visit  the  tombs  of  his  fathei-s.  The 
shin-le  ends  a  few  miles  to  the  N.  of  the  Eio  Colorado    there  the 
red  calcareous  earth  of  the  Pampas  begins  covered  with  coarse 
tufted  gi-ass,  without  a  tree  or  bush  to  relieve  the  view.  This 
country,  nearly  as  level  as  the  sea  and  without  a  stone,  extends 
aZst  io  theWland  of  Brazil;  and  for  1000  m.  between  the 
Atlantic  and  the  Andes,  interrupted  only  at  considerable  distances 
bv  a  solitary  umbu,  the  only  tree  of  this  soil,  rising  like  a  great 
landmark    This  wide  space,  though  abnost  destitute  ot  water, 
is  not  all  of  the  same  description.  In  the  Pampas  of  Buenos  Ayres 
there  are  fom-  distinct  regions.  For  180  m  W.  from  Buenos  A^res 
the  plains  are  covered  with  thistles  and  lucern  of  the  most  vivid 
giJn  so  long  as  the  moistm-e  from  the  rain  lasts.    In  spring  the 
Wure  fades,  and  a  month  afterwards  the  thistles  shoot  up  10  ft. 
hio-h  so  dense  and  so  protected  by  spines  that  they  are  impenetrable 
During  the  summer  the  dried  stalks  are  broken  by  the  wind,  and 
the  lucern  again  spreads  freshness  over  the  ground    The  Pampas 
for  430  m   W.  of  this  region,  are  covered  with  long  tutted 
luxiu-iaut  ^-ass,  intermixed  with  flowers,  affording  inexhaustible 
Sme  to  thoii^ands  of  horses  and  cattle.    This  is  followed  by  a 
Let  of  swamps  and  bogs,  to  which  succeeds  a  region  of  ra^ones 
and  stones-,  and,  lastly,  a  zone,  §  ^^e 

bushes  and  dwarf  trees  forming  a  dense  thicket  The  plains  m 
Site  iSos  in  Uruguay,  those  of  Santa  Fe,  and  a  great  part  of 
Srfova  and  Tucimian,  are  of  sward,  with  cattle  farms.  The  banks 
SXana,  and  other  tributaries  of  the  Plata,  are  adorned  with 
I  t^Z  Zieiyoi  tropical  productions,  especially  the  gi-acelul 
tiibe  of  palms;  and  th_enveHsknds  are  fa  orange  grove.. 

1  Admiral  P.  B.  King  and  Mr.  Darwin. 
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A  desert  of  saud,  called  El  Grau  Oliaco,  exists  W.  of  tlie  Paraguay, 
the  vegetable  produce  of  wMcli  is  confined  to  varieties  of  the  aloe 
and  cactus  tribes.  Adjoining  this  desert  are  the  Bolivian  provinces 
of  Chiquitos  and  Moxos,  covered  with  forests  and  jungles,  the  scene 
of  the  most  laborious  and  beneficent  exertions  of  the  Jesuit  mis- 
sidnaa-ies  in  the  last  centmy  towards  the  civilisation  of  the  abori- 
gines of  South  Am&rica. 

.  The  Pampas  of  Buenos  Ayres,  1000  ft.  above  the  sea,  sink  to  a 
low  level  along  the  foot  of  the  Andes,  where  the  streams  from  the 
moimtains  collect  in  large  lakes,  swamps,  lagoons  of  great  extent, 
and  wide  spreading  salt  marshes.  These  swamps  are  swollen  to 
thousands  of  square  miles  by  the  annual  floods,  of  the  rivers,  which 
also  inundate  the  Pampas,  leaving  a  fertilising  coat  of  mud.  Multi- 
tudes of  animals  perish  in  the  floods,  and  the  drought  that  some- 
times  succeeds  is  more  fatal.  Millions  of  animals  are  sometimes 
destroyed  by  casual  and  dreadful  conflagrations  among  the  di-v 
grass  and  thistles.^ 

§  2.  The   Forest  of  the  Amazon  The  Matto  Grosso 

=  ' Great  Forest'),  bordering  on  the  Eiver  Amazon,  forms  the 
second  division  of  the  South  American  low  lands.    This  country  is 
more  uneven  than  the  Pampas,  and  the  vegetation  is  so  dense  that  it 
can  only  be  penetrated  by  sailing  up  the  river  or  its  ti-ibutaries.  The 
forests  not  only  cover  the  basin  of  the  Amazon  from  the  CordiUera  of 
Chiquitos  to  the  mountains  of  Parima,  but  also  its  limiting  moun- 
tain chains,  the  Sierra  dos  Vertentes  and  Parima,  so  that  the  whole 
forms  an  area  of  woodland  more  than  6  times  the  size  of  France 
lying  between  the  18th  paraHel  S.  lat.  and  the  7th  N. ;  consequently 
intertropical  and  traversed  by  the  equator..  There  are  some  marshy 
savannahs  along  the  margins  of  the  Lower  Amazon,  and  some 
grassy  steppes  on  the  Guiana  side  of  the  river;  but  they  are  insio- 
nificant  compared  with  the  virgin  forest,  which  extends  1500  m 
in  length,  vaiying  in  breadth  from  350  to  800  m.    According  to 
Hmnboldt,  the  soU,  enriched  for  ages  by  the  spoils  of  the  forest 
consists  of  the  richest  mould.    The  temperature  in  the  deep  and 
dark  recesses  of  these  primeval  woods  is  much  moderated  by  the 
shade  and  cool  winds  from  the  sea  ;  but  the  air  is  satm-ated  with 
moisture,  and  the  damp  is  so  excessive  that  a  blue  mist  rises  in  the 
early  morning  among  the  huge  stems  of  the  trees,  and  envelopes  the 
entangled  creepers  stretching  from  bough  to  bough.    A  deathlike 
stiUness  prevails  during  the  heat  of  midday,  but  at  sunrise,  and 
sometimes  in  the  night,  the  songs  of  strange  birds,  and  the  cries  of 
invisible  animals,  give  some  degree  of  animation  to  the  leafy 
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wilderness.  The  anxiety  and  terror  of  tlie  animals  loefore  a  tliunder- 
storm  is  excessive,  and  all  nature  seems  to  pai-talce  in  the  dread. 
The  tops  of  the  lofty  trees  rustle  ominously,  though  not  a  breath  of 
air  agitates  them ;  a  hollow  whistling  in  the  high  regions  of  the 
atmosphere  comes  as  a  warning  from  the  black  floating  vapour ; 
midnight  darkness  envelopes  the  ancient  forests,  which  soon  after 
groan  and  creak  with  the  blast  of  tlie  hurricane.  The  gloom  is 
rendered  still  more  hideous  by  the  vivid  lightning  and  the  stunning- 
crash  of  thtmder.  Even  fishes  are  affected  with  the  general  con- 
sternation ;  for  in  a  few  minutes  the  Amazon  rages  in  waves  like  a 
stormy  sea. 

§  3.  The  Iilanos  of  the  Orinoco  and  Venezuela,  covered 
with  long  grass,  form  the  third  region  of  South  American  low  lands, 
and  occupy  350,000  sq.  m.  between  the  deltas  of  the  Orinoco  and 
the  coast  range  of  "Venezuela,  level  as  the  surface  of  the  sea.  It  is 
possible  to  travel  over  these  flat  plains  for  several  hundred  miles 
without  seeing  an  eminence  a  foot  high.    They  are  twice  as  long  as 

■  they  are  broad  ;  and,  as  the  wind  blows  constantly  from  the  E.,  thi3 
climate  is  the  more  ardent  the  farther  W.    These  steppes  for  the 
most  part  are  destitute  of  trees  or  bushes,  yet  in  some  places  they 
are  dotted  with  the  mauritia  and  other  palm  trees.    Flat  as  these 
plains  are,  there  are  in  some  places  two  kinds  of  inequalities  ;  one 
consists  of  banks  or  shoals  of  grit  or  compact  limestone,  5  or  6  ft. 
high,  perfectly  level  for  several  leagues,  and  imperceptible  except 
on  their  edges:  the  other  inequality  can  only  be  detected  by 
levelling  instruments  ;  it  is  called  a '  Mesa,'  and  is  an  eminence  rising 
imperceptibly  to  the  height  of  some  fathoms.    Small  as  the  eleva- 
tion is,  a  mesa  forms  the  watershed  from  S.W.  to  N.E.,  between  the 
affluents  of  the  Orinoco  and  the  streams  flowuig  to  the  N.  coa>t 
of  Terra  Eirma.    In  the  wet  season,  from  April  to.  the  end  of 
October,  the  tropical  rains  pour  down  in  torrents,  and  hundreds  of 
square  miles  of  the  Llanos  are  inundated  by  the  floods  of  the 
rivers.    The  water  is  sometimes  several  feet  deep  in  the  hollows,  in 
which  so  many  horses  and  other  animals  perish  that  the  groimd 
retains  the  smell  of  musk,  an  odom-  peculiar  to  many  South 
American  quadrupeds.    From  the  flatness  of  the  country  too,  the 
waters  of  some  affluents  of  the  Orinoco  are  driven  baclnvards  by 
the  floods  of  that  river,  especially  when  aided  by  the  wind,  and 
form  temporary  lakes.    When  the  waters  subside,  these  steppes, 
manm-ed  by  the  sediment,  are  mantled  with  verdure,  and  produce 

■  the  pine  apple  plant,  whilst  occasional  groups  of  fan  palm  trees  and 
mimosas  skirt  the  rivers,  men  the  dry  weather  returns,  the 
grass  is  bxirnt  up ;  the  air  is  filled  with  dust  raised  by  currents 
occasioned  by  difierence  of  temperature,  even  where  there  is  uo 
vfind    If  by  any  accident  a  spark  of  fire  falls  on  the  scorched 
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i  plains,  a  conflagTation  spreads  from  river  to  river,  destroying  every 
living  creatiu-e,  and  leaves  the  clayey  soil  sterile  for  years  till  vicis- 
situdes of  weather  recrumble  the  bricklilie  siu-face  into  a  vegetable- 

;  producing  earth. 

The  Llanos  lie  between  the  equator  and  the  Tropic  of  Cancer ; 
the  mean  annual  temperature  is  about  84°  Fahr.  The  heat  is  most 
intense  during  the  rainy  season,  when  tremendous  thunderstorms 
are  of  common  occurrence. 

i  §  4.  Geological  Notice. — The  most  remarkable  circumstance 
in  the  geological  features  of  the  South  American  continent  is  the 
vast  development  of  volcanic  action,  which  is  confined  to  the  chain 
of  the  Andes,  where  it  has  acquired  a  considerable  breadth,  as  in 
the  Peru-Bolivian  portion,  in  the  part  nearest  the  sea  coast.  It 
would  be  wrong,  however,  to  say  that  there  are  no  traces  of  modern 
volcanic  action  at  a  gxeat  distance  from  the  sea.^  The  volcanic 
vents  occm'  in  the  Andes  in  linear  groups:  the  most  southern 
of  these  is  that  of  Chile,  extending  from  the  latitude  of  Ohiloe  to 
that  of  Santiago,  42°  to  33°  S. :  in  this  space  exist  5  well  authenti- 
cated craters  in  ignition — the  most  southern  is  the  volcano  of 
Llanquihue  or  Osorno,  observed  by  M.  Gay,  and  the  most  northern 
that  of  Maypu,  the  tii-es  of  which  are  sometimes  seen  from  the 
capital  of  Chile.  Between  these  two  are  situated  those  of 
Villarica,  Antuco,  and  Chilian.  The  volcano  of  Antuco  was,  in 
1845,  when  visited  by  M.  Domeyko,  in  great  activity ;  its  height, 
as  determined  by  that  natiu-alist,  is  8918  ft.  ordy,  and  the  snow, 
line  on  its  sides  7996  ft.  above  the  sea ;  the  volcano  of  Villarica  is 
120  m.  S.,  and  that  of  Chilian  80  m.  N.  of  the  volcano  of  Antuco. 
Prom  the  33rd  parallel  to  the  Bolivian  frontier  there  does  not 
appear  to  be  a  single  volcanic  vent ;  but  in  the  province  of  Atacama 

j    rise  the  volcanoes  of  Licancan  and  Atacama,  E.  of  San  Pedro  of 

I'   Atacama,  still  occasionally  in  activity.    The  mountain  of  Isluga, 


1  .Mr.  Pentland  found  a  veiy  perfect  volcanic  crater,  with  well  marked 
currents  of  lava  issuing  from  it — a  rare  occurrence  in  the  higher  ci-aters  of 
the  Andes — not  far  from  San  Pedro  de  Cacha  in  the  valley  of  the  Yucay 
(lat.  14°  12'  S.,  long.  71°  15'  W.,  and  at  an  elevation  of  12,000  ft.),  near  the 
ruins  of  the  Temple  of  the  Inca  Viracocha,  a  monument  and  a  locality 
celebrated  in  Peruvian  legend,  the  nearest  point  of  the  sea  coast  being  175 
m.  distant.    It  is  probable  that  some  of  the  most  celebrated  mining  districts 
i   of  Alto  Peru — Potosi,  for  instance,  situated  in  porphyry — have  been  up- 
1   heaved  at  a  very  recent  period.    Modern  volcanic  rocks  are  not  wanting  la 
1   the  vaUey  of  the  Desaguadero  ;  volcanic  conglomerates  exist  in  the  deep 
■   ravines  round  the  city  of  La  Paz,  lat.  1G°  39'  S. ;  and  the  mountam  of 
.    Litanias,  which  furnishes  the  building  stone  for  that  Bolivian  city  (lat. 
'    16°  42'  S.,  long.  68°  19^'  W.),  is  composed  of  a  most  perfect  trachyte,  and 
i    rises  to  a  height  of  14,600  ft.  above  and  at  a  distance  of  IGO  m.  from  the 
Pacific. 
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in  lat.  11'  S.,  19°  and  in  the  province  of  Tarapaca,  is  also  an  active 
volcano  ;  ljut  the  great  centre  of  volcanic  action  in  this  part  of  the 
Western  Cordillera  extends  from  18°  10'  S.,  to  16°  20'  S.,  where 
the  Andes  have  changed  their  direction  from  being  parallel  to  the 
meridian  to  one  inclined  nearly  46  degrees  to  that  line.  The 
trachytic  giant  domes  of  the  Andes,  Sahama  (23,015  ft.),  one  of 
the  most  perfect  trachytic  pyramids  in  the  Andes,  and  the  Nevad., 
of  Ohuqnibamha,  mark  the  N.  and  S.  limits  of  this  line  of  vents. 
Near  Sahama  are  the  twin  Nevados  of  Pomarape  and  Parinacota, 
one  of  which  appeared  to  m.  Pentland  still  to  emit  vapours.  The 
group  of  snowy  peaks  seen  from  Arica,  the  centre  of  wliich,  the 
Nevado  of  Tacora,  is  in  lat.  17°  43'  S.,  offers  a  broken  down  crater, 
and  an  active  solfatara,  on  one  of  its  sides.  This  region  was  the  focus 
of  the  great  earthquake  of  August  13, 1868.  Between  the  latitude 
of  Arequipa  (16°  24'  S.)  and  the  equatorial  group  of  volcanoes,  the 
Andes  do  not  present  a  single  active  crater.  This  equatorial  group 
extends  over  a  meridional  line  of  3^  degrees— between  the  Peak  of 
Sangay  and  the  volcano  of  Los  Pastos.  The  most  remarkable  of 
these  volcanic  vents  are  the  Sangay,  Tungm-agua,  and  Ootopaxi,  all 
situated  in  the  Cordillera  most  remote  from  the  ocean.  Pichiucha 
was  in  activity  as  recently  as  1831 ;  and  N.  of  the  equator,  Imba- 
bura,  the  volcanoes  of  Chiles,  of  Cumbal,  of  Tuqueres  or  Los  Pastos, 
of  Sotara  and  Purace,  mark  the  extension  of  actual  volcanic  action 
into  the  northern  hemisphere. 

Granite,  which  seems  to  be  the  base  of  the  whole  continent,  is 
widely  spread  to  the  E.  and  S. ;  it  appears  in  Tierra  del  Fuego  and 
in  the  Patagonian  Andes  abimdantly,  at  great  elevations,  and  in 
Chile  and  Southern  Peru  forms  the  line  of  hills  parallel  to  the 
Pacific,  wherein  are  situated  the  mineral  riches  of  the  former 
republic.  Palteozoic  rocks  abound  in  the  Bolivian  Cordillera,  the 
lofty  mountains,  according  to  Dr.  Forbes,  showing  uptilted  strata 
of  the  Silurian  epoch ;  and  the  carboniferous  limestone,  with  its 
characteristic  fossils,  forms  in  the  basin  of  Titicaca  entire  islands, 
amongst  others  that  from  which  the  lake  takes  its  name,  one  of 
the  earliest  seats  of  Peruvian  civilisation.  Quartz  rock,  probably 
of  the  Devonian  period,  is  much  developed,  generally  mixed  with 
mica,  and  rich  in  gold  and  specular  iron.  It  sometimes  extends 
several  leagues  in  the  western  declivities  of  Peru,  6000  ft.  thick. 

Fossil  shells  of  different  geological  periods  are  foimd  at  various 
elevations,  which  shows  that  many  upheavings  and  subsidences 
have  taken  place  in  the  chain  of  the  Andes.  Mr.  Pentland  found 
shells  of  the  Silurian  period  at  a  height  of  17,600  ft.  on  the 
Bolivian  Nevado  of  Antakaua,  lat.  16°  21'  S.,  and  those  of  the 
carboniferous  limestones  as  high  as  14,200  in  several  parts  of  Upper 
Peru.    Dr.  Darwin  supposes  that  the  whole  range,  after  twice 
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siitsidino-  some  thousand  feet,  was  k-ouglit  up  hy  a  slow  movemeBt 
n  mass  during  the  Eocene  period,  after  which  it  sank  dowB  once 
more  several  hundred  feet,  to  he  again  uplifted  to  its  present  level 
hy  a  slow  and  often  intemipted  motion.  These  vicissitades  are 
veiT  perceptible,  especiaUy  at  its  southern  extremity,  btems  ot 
larie  trees,  which  Dr.  Darwin  foimd  in  a  fossil  state  in  the 
TJspaUata  range,  on  the  eastern  declivity  of  the  Chilian  Andes,  now 
700  m.  distant  from  the  Atlantic,  exhibit  a  remarkable  example  oi 
such  vicissitudes.  These  trees,  with  the  volcanic  soil  on  which 
thev  had  grown,  had  sunk  from  the  beach  to  the  bottom  of  a  deep 
ocean,  from  which,  after  five  alternations  of  sedimentary  deposits 
and  deluc^es  of  submarine  lava  of  prodigious  thickness,  the  whole 
mass  was  raised  up,  and  now  forms  the  Uspallata  chain.  Subse- 
quently, by  the  wearing  of  streams,  the  embedded  trunks  have 
been  brought  into  view  in  a  silicified  state,  projecting  from  the 
soil  in  which  they  grew— now  solid  rock. 

'  Vast  and  scarcely  comprehensible  as  such  changes  must  ever 
appear,  yet  they  have  aU  occurred  within  a  period  recent  when 
compared  with  the  history  of  the  Cordillera ;  and  the  Cordillera 
Itself  is  absolutely  modern  compared  with  many  of  the  fossiliferous 
strata  of  Europe  and  America.'  ^  ^ 

Erom  the  quantity  of  shingle  and  sand  in  the  valleys  m  the 
lower  ridges,  as  well  as  at  altitudes  from  7000  to  9000  ft.  above 
the  present  level  of  the  sea,  it  appears  that  the  whole  area  of  the 
Chilian  Andes  has -been  upheaved  by  a  gradual  motion;  the  coast 
is  now  rising  in  some  places  by  the  same  imperceptible  degTees ;  it 
has  been  sometimes  suddenly  elevated  by  small  upheavings  of  a 
few  feet,  accompanied  by  earthquakes,  one  of  the  most  remai'kable 
of  which  was  that  which  shook  the  continent  to  an  extent  of  1000 
m.  on  the  20th  February,  1835. 

On  the  E.  side  of  the  Andes  the  continent  from  TieiTa  del 
Euego  to  the  Eio  de  la  Plata  appears  to  have  been  raised  en  masse 
by  one  great  elevating  force,  acting  equally  and  imperceptibly  for 
2000  m.  within  the  period  of  the  now  living  race  of  marine 
animals,  which,  embedded  in  many  parts  of  these  plains,  stiU 
retain  even  their  colours.  The  gradual  upward  movement  was 
interrupted  by  at  least  eight  long  periods  of  repose,  marked  by  the 
edges  of  the  successive  plains,  ■  which,  extending  from  S.  to  N., 
■  had  formed  so  many  lines  of  sea  coast,  as  they  rose  higher  and 
higher  between  the  Atlantic  and  the  Andes.  It  appears,  from 
the  shingle  and  fossil  shells  found  on  both  sides  of  the  Cordillera, 
that  the  whole  S.W.  extremity  of  the  continent,  and  indeed  the 
whole  Andean  chain,  has  been  rising  slowly  for  a  long  time.  The 
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rise  on  some  parts  of  the  coast  of  Chile  has  heen  at  the  rate  of 
several  feet  in  a  century;  hut  it  has  diminished  eastward,  till  in 
the  Patagonian  plains  and  Pampas  it  has  been  only  a  few  inches 
in  the  same  time. 

The  instahility  of  the  southern  part  of  the  American  continent 
IS  less  astomshmg  when  it  is  considered  that  at  the  time  of  the 
great  earthquake  of  1836  the  volcanoes  in  the  OhiUan  Andes  were 
in  eruption  contemporaneously  for  720  m.  in  one  direction  and  400 
m  anothei-^  so  that  in  aU  probability  there  was  a  subterranean  lake 
ot  molten  lava  twice  as  large  as  the  Black  Sea  below  this  extremit^' 
ol  the  continent.^ 

The  terraced  plains  of  Patagonia,  which  extend  for  himdreds 
ot  miles  along  the  coast,  are  of  Tertiary  sti-ata,  not  in  basins,  but  in 
one  great  deposit,  above  which  lies  a  thick  stratiun  of  a  white 
pumiceous  substance,  extending  at  least  500  m.,  a  tenth  part  of 
which  consists  of  marine  infusoria.  Over  the  whole  lies  the  shincrle 
already  mentioned,  spread  along  the  coast  for  700  m.  in  leno-th 
with  a  mean  breadth  of  200  m.  and  60  ft.  thick.  These  mjalads 
of  pebbles,  chiefly  of  porphjTy,  have  been  torn  fi-om  the  rocks  of 
the  Andes,  and  water  worn,  at  a  period  subsequent  to  the  deposi- 
tion of  the  Tertiary  strata.  AU  the  plains  of  Tierra  del  Puego  and 
Patagonia,  on  both  sides  of  the  Andes,  are  strewed  with  huge 
boulders,  probably  transported  by  icebergs  which  had  descended 
to  lower  latitudes  in  ancient  times  than  they  do  now — observations 
of  great  interest,  which  we  owe  to  Dr.  Darwin. 

The  stunted  vegetation  of  these  sterile  plains  was  sufficient  to 
noiu-ish  several  large  species  of  animals,  now  extinct,  even  at  a 
period  when  the  species  now  living  in  the  Patagonian  seas  existed. 


CHAPTEK  XI. 

CENTKAL  AMERICA. 


§  1.  General  Config:uration  of  Central  America. — Taking 
the  natm-al  divisions  of  the  continent  alone  into  consideration. 
Central  America  may  be  regarded  as  lying  between  the  Isthmus 
of  Panama  and  Darien,  and  that  of  Tehuantepec,  and  consequently 
within  the  tropical  zone.  This  narrow  tortuous  strip  of  land, 
which  unites  the  continents  of  North  and  South  America,  stretches 
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from  S.E.  to  N.W.  about  1200  m.,  vaiying  in  breadth  from  30  to 
300  or  400  m. 

As  a  regular  chain  the  Andes  end  suddenly  at  the  Isthmus 
of  Panama,  but  as  a  mass  of  high  land  they  continue  through 
Central  America  and  Mexico,  in  an  irregular  mass  of  table-lands 
•and  mountain  ranges.  The  high  laud  which  forms  the  central 
ridge  and  the  watershed  between  the  two  oceans  is  very  steep 
on  its  western  side,  and  rims  near  the  coast  of  the  Pacific,  where 
Central  America  is  narrow;  but  to  the  N.,  where  it  becomes 
wider,  it  recedes  to  a  greater  distance  from  the  shore  than  the 
Andes  do  in  any  other  part  between  Cape  Plorn  and  Mexico. 
From  the  survey  for  the  railway  across  the  Isthmus  of  Panama, 
the  highest  point  traversed  by  the  road  is  Baldwin's  Simmiit, 
299  ft.  above  tbe  sea — which  it  crosses  by  a  tunnel  264  ft.  above 
the  same  level. 

This  country  consists  of  3  distinct  groups  divided  by  valleys 
which  run  from  sea  to  sea,  namely  Oosta  Rica,  the  group  of  Hon- 
dm-as  and  Nicaragua,  and  the  group  of  Guatemala.^ 

North  of  the  isthmus  the  plains  of  Panama,  very  little  raised 
above  the  sea,  and  in  some  parts  studded  with  hills,  follow  the 
direction  of  the  isthmus  for  280  m.,  and  end  at  the  Bay  of  Parita. 
Prom  thence  proceeds  the  forest  covered  Cordillera  of  Veragua, 
supposed  to  be  9000  ft.  high,  but  united  with  the  Cordillera  of 
Salamanca,  on  the  western  side  of  which  is  the  gold  mine  of 
Tisingal,  celebrated  by  the  early  historians  of  the  Conquest ;  the 
latter  Cordillera  extends  to  the  elevated  table -land  of  Costa  Eica, 
smToimded  by  volcanoes,  and  terminates  at  the  plain  of  Nicaragua, 
which,  together  with  its  lake,  occupies  an  area  of  30,000  sq.  m., 
and  foi-ms  the  second  break  in  the  great  Andean  chain.  The 
lake  is  only  130  ft.  above  the  Pacific,  from  which  it  is 
separated  by  a  line  of  active  volcanoes.  The  River  of  San  Juan 
flows  from  its  S.E.  end  into  the  Caribbean  Sea,  and  at  its  N. 
exti-emity  it  is  connected  with  the  smaller  Lake  of  Managua  or 
Leon  by  the  River  Panaloya  or  Tipitapa.  By  this  water  line 
it  has  been  projected  to  unite  the  two  seas,  the  distance  between 
them  being  only  20  m.  The  high  land  recommences,  after  aia 
interval  of  170  m.,  with  the  Mosquito  country  and  Hondm-as, 
which  mostly  consist  of  table-lands  and  high  moimtains,  some  of 
which  are  active  volcanoes.  Prom  a  recent  survey  it  appears  that 
there  is  a  perfectly  practicable  route  across  Iloudm-as  through  the 
valleys  of  the  Rivers  Ilumaya  and  Goascoran,  for  a  railway  only 
220  m.  long,  which  would  connect  Port  Oortez  on  the  Atlantic 
with  Fonseca  on  the  Pacific,  both  first  rate  harboiu-s :  a  combina- 
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tion  so  favourable  does  not  exist  throughout  all  Central  America 
for  an  interoceanic  intercourse. 

§  2.  Table-land  of  Guatemala. — Guatemala  is  a  table-land 
intersected  by  deep  valleys,  which  lies  between  the  plain  of 
Oomayagua  and  the  Isthmus  of  Tehuantepec.  It  spreads  to  the 
E.  in  the  peninsula  of  Yucatan,  which  terminates  at  Cape 
Oatoche,  and  encompasses  the  Bay  of  Honduras  with  ten-aces  of 
high  mountains.  The  table-land  of  Guatemala  consists  of  undu- 
lating verdant  plams  of  great  extent,  5000  ft.  high,  and  fragi-ant 
with  flowers.  In  the  S.  the  cities  of  Old  and  New  Guatemala 
are  situated  24  m.  apart.  The  portion  of  the  plain  on  which 
New  Guatemala  stands  is  bounded  on  one  side  by  the  three  vol- 
canoes of  Pacaya,  Fuego,  and  Agua  ;  which,  rising  from  7000  to 
13,200  ft.  above  the  plain,  lie  20  m.  from  the  new  city  on  the 
S.W.,  and  form  a  scene  of  great  boldness  and  beauty.  The 
Volcano  de  Agua  (13,200  ft.),  at  the  foot  of  which  Old  Guatemala 
stands,  is  a  perfect  cone,  vei'dant  to  its  summit,  and  occasionally 
pouring  forth  torrents  of  boiling  water  and  stones.  The  old  city 
has  been  twice  destroyed  by  it,  and  is  now  nearly  deserted  on 
accoxmt  of  earthquakes.  T!ie  Volcano  del  Fuego  generally  emits 
vapours  from  one  of  its  peaks ;  and  the  Volcano  de  Pacaya  is  only 
occasionally  active.  The  wide  grassy  plains  are  cut  by  deep 
valleys  to  the  N.,  where  the  high  land  of  Guatemala  ends  in 
parallel  ridges  of  mountains  called  the  Oen'O  Pelado,  which  run 
from  E.  to  "W.  along  the  94th  meridian  W.,  filling  half  the 
Isthmus  of  Tehuantepec,  and  vmite  the  table-land  of  Guatemala 
with  that  of  Mexico. 

Though  there  are  large  savannahs  on  the  high  plains  of  Guate- 
mala, there  are  also  magnificent  primeval  forests,  as  the  name  of 
the  country  implies,  Guatemala  signifying,  in  the  native  language, 
'  a  place  covered  with  trees.'  The  banks  of  the  River  Papiau,  or 
Utsumasiuta,  which  flows  over  the  table-land  to  the  Gulf  of  Mexico, 
are  beautiful  beyond  description. 

§  3.  The  Coast  Regrion. — The  flat  region  bordering  tlie 
coast  of  Central  America  is  generally  narrow,  and  in  some  places 
the  mountains  and  high  lands  come  close  to  the  water's  edge. 
The  sugar  cane  is  indigenous,  and  on  the  low  lands  on  the  eastern 
coast  all  the  ordinary  productions  of  the  West  Indian  islands  are 
raised,  besides  several  that  are  peculiar  to  the  country. 

As  the  climate  is  cool  on  the  high  lauds,  the  vegetation  of  the 
temperate  zone  is  there  very  luxm-iant.  On  the  low  lands,  as  in 
other  countries  where  heat  and  moisture  are  in  excess,  and  where 
natiu-e  is  for  the  most  part  undisturbed,  vegetation  is  vigorous  to 
ranlmess  :  forests  of  gigantic  trees  seek  the  pm-e  air  above  an  im- 
penetrable undergrowth,  the  rivers  empty  themselves  into  the  sea 
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amidst  dense  masses  of  jungle  with  mangroves  and  reeds  100  ft. 
higli,  whilst  delightful  savannahs  vary  the  scene,  and  wooded 
mountains  dip  into  the  water. 

Nearly  the  whole  coast  of  the  Pacific  is  sliirted  hy  an  alluvial 
plain  of  inconsiderable  width,  and  generally  very  diiferent  in  cha- 
racter from  that  on  the  Atlantic  side.  In  a  line  along  the  western 
side  of  the  tahle-land  there  is  a  continued  succession  of  volcanic 
mountains,  at  various  distances  fr-om  the  shore,  and  at  various 
heights,  on  the  declivity  towards  the  Pacific.  It  seems  as  if  a 
great  crack  or  fissure  had  been  produced  in  the  earth's  sui-face, 
along  the  junction  of  the  mountains  and  the  shore,  through  which 
the  internal  fires  had  found  a  vent.  There  are  more  than  20  active 
volcanoes  between  10°  and  12°  N.  lat. ;  some  higher  than  the 
moimtains  of  the  central  ridge,  and  several  subject  to  violent 
eruptions.  Altogether  there  are  88  in  Central  America,  17  of 
which  are  in  Guatemala — a  greater  number  than  in  any  other 
coimtry,  Java  excepted. 

§  4.  Proposed  Ship  Canal  between  the  Atlantic  and 
Pacific. — In  this  age  of  gigantic  enterprise  it  is  truly  astonishing 
that  there  should  be  any  hesitation  about  joining  two  oceans  by  a 
short  canal  of  only  40  m. ;  as  if  modern  engineers,  aided  by  the 
wealth  of  two  of  the  richest  nations  in  the  world,  and  possessing 
all  the  enterprise  of  the  Anglo-Saxon  race,  could  not  overcome 
eveiy  difficulty.  Instead  of  the  long  and  stormy  voyages  round 
the  Cape  of  Good  Hope  and  Cape  Horn,  a  ship  canal  joining  the 
Atlantic  to  the  Pacific  would  open  a  direct  line  of  communication 
for  all  the  maritime  powers  of  Europe  and  the  United  States,  not 
to  the  W.  coast  of  the  American  continent  alone,  but  to  China, 
Australia,  and  even  India,  by  which  the  hui'ricane  region  would 
be  avoided  and  the  passages  made  through  a  comparatively  safe 
and  calm  sea. 

Six  different  lines  across  Central  America  have  been  proposed 
as  suited  for  the  purpose  ;  but  that  by  the  Isthmus  of  Darien  seems 
to  possess  advantages  over  the  others,  confii-ming  the  opinion  given 
more  than  50  years  ago,  and  maintained  to  the  last  by  the  greatest 
of  modern  travellers  and  geographers,  Hmnboldt.  It  possesses  the 
principal  requisites  for  such  an  imdertaking — a  short  distance  of 
only  40  m.  between  the  tidal  limits  of  rivers  flowing  into  the  two 
oceans,  even  allowing  one  third  for  the  possible  windings  of  a 
canal,  and  a  good  harbour  at  both  ends.  The  line  which  attracted 
so  much  attention  a  few  years  ago  between  the  River  Savana  and 
Caledonia  Bay  presents  an  obstacle  in  the  great  height  of  the  moun- 
tain ridges  near  the  Atlantic  side.  But  a  route  farther  S.,  explored 
by  M.  de  Puydt  in  1865,  seems  to  be  clear  of  this  obstacle  ;  a  de- 
pression in  the  range  having  been  found  near  the  head  waters  of 
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the  River  Tanela,  N.  of  the  delta  of  the  Atrato  aud  not  far  distant 
from  the  navigable  part  of  the  River  Tuyra,  which  disembogues  iu 
the  Gulf  of  San  Miguel,  where  there  are  high  tides,  and^'where 
docks  of  any  magnitude  could  be  formed. 

This  line  passes  near  the  very  country  of  romance.  It  was  from 
Caledonia  Harbour  that  Nuiiez  de  Balboa  crossed  to  the  South  Sea 
and  that  the  earliest  expedition  was  sent  by  the  Spaniards  to  Peru! 
Here  were  the  gold  mines  of  Tisingal,  which  gave  the  name  of  Costa 
Rica  to  the  shores  of  the  Pacific,  the  true  El  Dorado,  to  which  Sir 
Walter  Raleigh  and  Sir  Francis  Drake  were  sent.  The  harbour 
still  bears  the  name  of  the  imfortunate  colony  from  Scotland  ;  and 
the  country  in  which  it  is  situated,  known  as  the  '  Spanish  Main,' 
was  celebrated  for  the  lawless  but  romantic  adventures  of  the  Buc- 
caneers. The  coast  of  the  Pacific  here  is  rich  to  exuberance ;  two 
crops  may  be  raised  in  the  year ;  forests  of  the  cocoa  nut  palm  ex- 
tend for  mUes ;  it  produces  the  cacao  bean,  vanilla,  india-rubber, 
Palo  de  Vaca,  the  Tonquin  bean,  Ohiraqui  incense,  numerous  dye- 
woods,  balsams,  medicinal  plants,  and  all  the  usual  productions  of  a 
tropical  climate.  But  the  vegetation  is  so  rank,  the  high  trees  so 
interlaced  with  creepers,  that  the  light  is  shut  out ;  the  heat  is  so 
intense,  and  rain  so  frequent,  that  the  climate  is  exceedingly  un- 
healthy ;  and  although  it  would  be  of  no  consequence  to  a  steamer 
passing  rapidly  through  40  m.,  yet  it  would  be  a  serious  difficulty 
during  the  construction,  which  might,  however,  be  overcome  by 
employing  the  free  labour  of  negroes,  who  are  accustomed  to  hot 
and  damp  climates.  In  the  mean  time  the  Panama  railway  con- 
veys goods  aud  passengers  to  and  from  the  golden  lands  of  California 
and  British  Oolimibia.^ 

§  5.  The  West  Indian  Islands,  which  are  separated  from 
both  continents  by  a  deep  sea,  consist  of  3  distinct  groups ; 
namely,  the  Lesser  Antilles  or  Caribbean  Islands,  the  Greater 
Antilles,  and  the  Bahama  or  Lucay  Islands.  Some  of  the  Lesser 
Antilles  are  flat ;  but  their  general  character  is  bold,  with  an 
insulated  peak  or  a  group  of  mountains  in  the  centre,  which 
slopes  to  the  sea  aU  round,  more  precipitously  on  the  eastern  side, 
which  is  exposed  to  the  force  of  the  Atlantic  cm-rent.  Trinidad 
is  the  most  southerly  of  a  chain  of  magnificent  islands,  which, 
forming  a  semicircle,  enclose  the  Caribbean  Sea,  with  its  convexity 
facing  the  E.  The  range  is  single  as  far  as  Guadaloupe,  where  it 
splits  into  two.  Trinidad,  Tobago,  St.  Lucia,  and  Dominica  are 
particularly  mountainous,  aud  then-  moimtains  are  cut  into  deep 
naiTOW  ravines,  or  gulleys,  covered  by  primeval  forests.  The 
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volcanic  islands,  wliicli  are  mostly  in  tlie  undivided  part  of  the 
chain,  have  conical  pealvs  bristled  with  rocks  of  a  still  more  rugged 
I  form ;  hut  almost  all  the  islands  of  the  Lesser  Antilles  have  a  large 
portion  of  excellent  vegetable  soil  in  a  high  state  of  cultivation. 
]yiost  of  them  are  surrounded  by  coral  reefs,  which  render  naviga- 
tion dangerous,  and  there  is  little  intercourse  between  these  islands 
and  still  less  with  the  Greater  Antilles,  on  account  of  the  prevail- 

!ing  winds  and  currents,  which  make  the  retium  voyage,  except 
by  'toam,  difficult.  The  Lesser  Antilles  terminate  in  the  group 
of  the  Vii'gin  Islands,  which  are  small  and  flat,  some  only  a  few 
feet  above  the  sea,  and  most  of  them  consisting  of  mere  rocks  of 
coral. 

B  The  4  islands  which  form  the  group  of  the  Greater  Antilles  are 
the  largest  and  most  important  in  the  archipelago.    Porto  Rico, 

I Haiti  or  San  Domingo,  and  Jamaica,  separated  from  the  Virgin 
Islands  by  a  narrow  channel,  lie  in  a  line  parallel  to  the  coast  chain 
of  Venezuela,  from  E.  to  "W. ;  while  Cuba,  by  a  serpentine  bend, 
separates  the  Caribbean  Sea,  or  Sea  of  the  Antilles,  from  the  Gulf 
of  Mexico.  Porto  Rico  is  110  m.  long  and  40  broad,  with  wooded 
mountains  passing  through  its  centre,  nearly  from  E.  to  W.,  which 
furnish  abimdance  of  water.  There  are  extensive  savannahs  in 
the  interior,  and  very  rich  soil  on  the  northern  coast,  but  the  cli- 
mate near  the  sea  is  unhealthy. 

Haiti  or  San  Domingo,  400  m.  long  and  from  60  to  160  broad, 
has  a  chain  of  mountains  in  the  centre,  extending  from  E.  to  W. 
'  like  all  the  mountains  in  the  Greater  Antilles,  the  highest  point  of 
which  is  9000  ft.  above  the  sea.  A  branch  diverges  from  the  main 
stem  to  Cape  Tibxu-on,  so  that  Haiti  contains  a  great  proportion  of 
liigh  laud.  The  mountains  are  susceptible  of  cultivation  nearly  to 
the  siunmit,  and  are  clothed  with  undistm-bed  tropical  forests.  The 
j  extensive  plains  are  well  watered,  and  the  soil,  though  not  deep,  is 
productive. 

Jamaica,  the  most  valuable  of  the  British  possessions  in  the 
"West  Indies,  has  an  area  of  4190  sq.  m.,  of  which  110,000  acres 
are  cultivated,  chiefly  as  sugar  plantations.  The  principal  chain  of 
the  Blue  Mountains  lies  in  the  centre  of  the  island,  from  E.  to  W., 

I  with  so  sharp  a  crest  that  in  some  places  it  is  only  4  yards  across. 
OflFsets  from  it  cover  all  the  eastern  part  of  the  island.  The  more 
elevated  ridges  are  flanked  by  lower  ranges,  descending  to  verdant 
savannahs.    The  escarpments  are  wild,  the  declivities  steep,  and 

I  mingled  with  stately  forests.  The  valleys  are  very  narrow,  and 
not  more  than  a  twentieth  part  of  the  island  is  level  gi'ound.  There 

I  are  many  small  rivers,  and  the  coast  line  is  500  m.  long,  with  at 
least  .30  good  harbours.    The  mean  summer  huat  is  80°  Fahr.,  and 

,    that  of  winter  is  76°.   The  plains  are  often  unhealthy,  but  the  air 
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in  tlie  inoimtains  is  salubrious ;  fever  lias  never  prevailed  at  the 
elevation  of  2500  ft. 

Cuba,  the  largest  island  in  the  Colombian  Archipelago,  has  an 
area  of  44,669  sq.  m.  and  200  m.  of  coast,  but  is  so  beset  with  coral 
reefs,  sandbanks,  and  rocks  that  only  a  third  of  it  is  accessible. 
Its  mountains,  which  attain  the  height  of  8000  ft.,  occupy  the 
centre,  and  fill  the  eastern  part  of  the  island  in  a  great  longitudinal 
line.  No  island  in  these  seas  is  more  important  with  regard  to 
situation  and  natural  productions ;  and,  although  much  of  the  low- 
ground  is  swampy  and  imhealthy,  there  are  vast  savannahs,  and 
about  a  seventh  part  of  the  island  is  cultivated. 

The  Bahama  Islands  are  the  least  valuable  and  least  interesting 
•part  of  the  archipelago.  The  group  consists  of  about  500  islands, 
many  of  them  mere  rocks,  lying  E.  of  Cuba  and  the  coast  of  Florida. 
Twelve  are  larger,  and  cultivated,  producing  logwood  and  maho- 
gany. The  most  intricate  labyrinth  of  shoals  and  reefs,  chiefly  of 
corals,  madrepores,  and  sand,  encircle  these  islands ;  some  of  them 
Tise  to  the  surface,  and  are  adorned  with  groves  of  palm  trees, 
Watling's  Island,  in  latitude  24°  N.,  is  the  first  part  of  the  New 
World  on  which  Columbus  lauded — the  next  was  Haiti,  where  his 
ashes  rest. 

§  6.  Geological  Wotice. — The  Geology  of  Central  America  is 
little  known  ;  nevertheless  it  appears,  from  the  confused  mixture  of 
table-lands  and  mountain  chains  in  aU  directions,  that  the  subter- 
raneous forces  must  have  acted  more  partially  and  irregularly  than 
either  in  South  or  North  America.  In  the  West  Indian  Archipelago 
volcanic  action  is  confined  to  the  smaller  islands,  which,  forming  a 
line  in  a  meridional  direction,  extend  from  12°  to  18°  N.,  and  may 
be  designated  as  the  Caribbean  range  ;  it  begins  with  Granada  and 
ends  with  St.  Eustatius.  St.  Vincent,  St.  Lucia,  Martinique,  a  great 
portion  of  Guadaloupe,  Montserrat,  Nevis, and  St.  Kitts  are  volcanic ; 
most  of  them  possess  craters  recently  extinct,  which  have  vomited 
ashes  and  lava  within  historical  periods  ;  whilst  the  less  elevated  of 
the  smaller  islands,  Tobago,  Barbadoes,  Deseada,  Antigua,  Barbuda, 
and  St.  Bartholomew's,  with  the  Virgin  Islands,  and  Bahamas,  are 
■composed  either  of  calcareous  or  coral  rocks. 
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§  1.  General  Configuration  of  the  Contiaent.— The  conti- 

:nent  of  North  America,  including  Greenland,  has  an  area  of  more 
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than  8,000,000  sq.  m.  It  comprises  a  large  central  plain,  a  broad 
elevated  plateau,  two  great  mountain  systems,  and  two  long 
oceanic  slopes.  The  great  plain  extends  N.  and  S.  from  the  Gulf 
of  Mexico  to  the  Arctic  Ocean.  It  is  bounded  on  the  E.  by 
the  Appalachian  or  Alleghany  Mountains,  and  on  the  W.  by  the 
table-lands  from  which  rise  the  peaks  of  the  Kocky  Mountains. 
'This  broad  and  elevated  belt  of  table-lands  and  parallel  chains 
is  one  of  the  largest  mountain  systems  of  the  globe,  much  exceeding 
in  its  solid  bulk  above  the  level  of  the  sea  even  the  mighty  chain 
of  the  South  American  Andes,  being  twice  as  broad  and  nearly  as 
long.'  1 

Oormnencing  from  the  S.,  the  table-land  of  Anahuac,  or  Mexico, 
which,  though  not  the  highest,  is  by  far  the  most  extensive  plateau 
1  on  the  face  of  the  earth,  extends  1600  m.  from  its  S.  extremity  at 
j  the  Isthmus  of  Tehuantepec  to  the  S.W.  of  New  Mexico,  a  distance 
■:  equal  to  that  from  the  N.  of  Scotland  to  Gibraltar.    From  thence 
i  it  is  continued  in  a  series  of  table-lands  and  isolated  ranges,  not 
I  absolutely  continuous  with  the  Rocky  Mountains,  but  midway 
I  between  them  and  the  coast  ranges,  wbicb  extend  from  California 
.'  to  the  most  northern   extremity  of  the  continent.    At  its  S. 
extremity,  where  the  Mexican  table-land  is  narrow,  moimtains  rise 
from  the  isthmus  and  abut  upon  it ;  on  the  E.  the  plateau  descends 
so  abruptly  from  a  height  of  8000  ft.  that,  seen  from  the  shores  of 
the  Mexican  Giilf,  it  looks  like  a  chain  of  mountains,  while  on  the 
W.  it  descends  gently  to  the  coast  of  the  Pacific  by  a  series  of  four 
(  longitudinal  valleys.    On  the  surface  of  the  plateau  groups  and 
■  ridg-es  of  mountains  rise ;  but  where  it  is  not  traversed  by  these 
I  elevations  the  table-land  is  as  level  as  the  ocean,  so  that  a  carriage 
road  of  more  than  1000  m.  from  the  city  of  Mexico  northward  is 
j  over  either  a  dead  level  or  gentle  undulations. 
J        The  capital  of  Mexico,  once  the  royal  residence  of  Montezuma, 
I  must  have  greatly  siu-passed  the  modern  city  in  extent  and  magni- 
ficence, as  many  of  its  remains  show.    It  is  7468  ft.  above  the 
(  level  of  the  ocean,  and  surrounded  by  fom-  plains,  of  which 
'  Tenochtitlan  is  the  most  remarkable,  being  of  elliptical  form,  55  m. 
s  long,  and  35  wide,  enclosed  by  ridges  of  basalt  and  porphyritic 
:  rocks  i-unning  from  S.S.E,  to  N.N.W.    On  the  S.E.  side,  which  is 
'  the  highest,  stands  the  snow  shrouded  cone  of  Orizaba  (17,337  ft.), 
with  its  ever  fiery  crater,  seen  like  a  star  in  the  darkness  of  the 
night,  which  has  obtained  for  it  the  name  of  Citlaltepetl — '  the 

Moimtain  of  the  Star.'   Popocatepetl—'  the  Smoking  Mountain  '  

I  the  loftiest  mountain  in  Mexico,  17,884  ft.  above  the  ocean,  lies 
farther  W.,  and  is  in  a  constant  state  of  eruption,  which,  with  the 
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volcanoes  of  Iztaccihuatl  (15,705  ft.)  and  Toluca  (1.3,41G  ft.),  form 
a  magnificent  volcanic  circuit,  in  the  midst  of  which  ^iexico  and 
Its  lalfe  are  situated.  The  volcanic  cone  of  Tuxtla  rises  in  a  groun 
of  wooded  hills  near  the  shores  of  the  Gulf  of  Mexico ;  and  on  the 
plains  of  the  Malpays,  on  the  W.  sloj^e  of  the  table-land  ahout 
100  m.  from  the  Pacific,  is  the  volcanic  cone  of  Jorullo,  which 
rose  suddenly,  in  the  night  of  the  29th  of  September  1759,  to  the 
height  of  1700  ft.  above  the  level  of  the  plain^  amidst  hundreds 
of  little  flaming  cones  which  covered  the  country  from  3  to  4  sq.  m. 
The  great  volcano  of  Oolima  stands  insulated  on  the  plain  of  that 
name,  also  between  the  western  declivity  of  the  table-land  and  the 
Pacific. 

Deep  cavities  called  Barancas  or  Ccmom  are  a  characteristic 
feature  of  the  table-land  of  Mexico  :  they  are  large  rents  2  or  3  m. 
broad  and  many  more  in  length,  often  1000  ft.  deep,  with  a  broolc 
flowing  through  them.  Their  sides  are  precipitous  and  rugged, 
with  overhanging  rocks  covered  with  trees.  Vegetation  varies 
with  the  elevation ;  consequently  the  exuberance  which  adorns  the 
coasts  of  the  gnlf  vanishes  on  the  high  plain,  which,  although  pro- 
ducing much  grain  and  pasture,  is  often  saline,  sterile,  and  treeless, 
except  in  some  places  where  oak  trees  grow  to  an  enormous  size. 

*  The  Mexican  Tahle-lancl  maintains  a  very  great  altitude  to  the 
N.,  where  the  plateau  of  Sonora  forms  its  continuation,  and  over- 
hangs the  Gulf  of  California  from  25°  to  32°  N.  lat.  Near  Gua- 
naxuato  the  breadth  is  about  100  m.  The  W.  chain  is  the  Sierra 
Madre,  which  contains  rich  silver  mines ;  it  goes  through  Zacatecas 
and  W.  of  Chihuahua,  then  it  runs  due  N.  under  the  names  of 
Sierra  de  Acha  and  Sierra  Verde.  The  E.  chain  is  that  of 
Oohahuela  and  Potosi,  which  lifts  itself  out  of  the  western  edge  of 
the  great  central  plain  like  a  huge  colossal  wall  deeply  indented 
and  gashed  in  its  steep  flank,  with  vast  mountain  buttresses 
jutting  forward  into  the  plateau  of  the  American  desert. 

§  2.  Th©  Rocky  IVZountains. — In  the  S.  of  Colorado,  the 
Rocky  Mountain  plateau  retains  the  name  of  the  Sierra  Madre ;  and 
here  it  has  an  average  elevation  of  12,000  ft.  and  a  breadth  of 
300  m.  Elevated  valleys  of  great  size  and  beauty,  in  vrhich  the 
rivers  flowing  E.  and  W.  take  their  rise,  occur  on  both  slopes  of 
the  Sierra  Madre.  In  Colorado  Territory  four  of  these  parks  exist 
— the  North,  Middle,  South,  and  San  Luis  Parks — each  about 
0400  sq.  m.  in  extent,  elliptical  in  form,  and  surroimded  by  moun- 
tains which  reach  the  limit  of  perpetual  snow.  The  elevation  of 
these  parlfs  is  from  8000  to  10,000  ft.,  the  highest  portion  being 
in  lat.  39°,  along  the  N.  edge  of  South  Park,  from  which  there  is  a 
great  decline  in  both  directions.  They  are  separated  from  each 
other  by  vast  sweeps  of  the  Cordillera  from  E.  to        The  moun- 
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tain  sides  are  cloflied  with  piue,  spruce,  fir,  and  aspen,  and  fine 
g-rassy  meadows  abound  in  the  lower  grounds. 

The  fertile  plain  of  Santa  Fe  and  Eio  Grande  del  Norte,  60  m. 
broad  at  its  northern  extremity,  is  situated  in  a  depression  of  the 
Eocky  Mountain  plateaux;    There  is  a  break  in  the  mountain 
chams  at  the  northern  end  of  the  Sierra  Verde  for  8  m.,  so  that 
the  plain  of  the  table-land,  itself  9000  ft.  above  the  level  of  the 
sea,  becomes  the  watershed  of  the  Oalifornian  Colorado  on  one 
hand,  and  of  the  rivers  which  run  into  the  Gulf  of  Mexico  on  the 
j  other.   Through  the  Passes  of  this  region  the  railwav  which  unites 
j  the  two  oceans  has  been  carried.  The  Pass  of  Kutanie  is  in  4Si°  K 
|lat.,  so  it  lies  within  the  British  territory,  but  a  railway  could  only 
f  be  made  to  pass  through  it  by  tunnels  many  miles  long ;  whereas 
the  Vermilion  Pass,  which  is  a  deep  gorge  N.  of  the  loftv  -n-oup  of 
llmoimtams  that  rise  16,000  ft.,  is  onlv  5000  ft.  above  the  "level  of 
I  the  sea,  which  is  1000  ft.  less  than  any  known  Pass  over  the  Eockv 
Mountains,  and  is  4000  ft.  lower  than   the  watershed  of  the 
L'olorado  and  the  Mexican  Gulf  mentioned  above. 

North  of  this  break  the  Rocky  Mountains  separate  into  three 
chains,  and  become  very  complicated.  Between  the  River  Arkansas 
and  the  ^.  fork  of  the  Platte  there  are  peaks  which  rise  to  10  000 
xnd  12,000  ft,  'but  the  Wind  River  Mountains  are  the  hivLst  of 
that  Cham,  where  Fremont's  Peak  has  an  elevation  of  1-3  570  ft  This 
hreat  range  is  the  axis  or  central  watershed  of  the  whole  continent ; 
.he  head  streams  of  the  Missouri  fiow  from  its  eastern  flank,  and  those 
Jf  the  Colombia  and  Rio  Colorado,  which  go  to  the  Pacific,  from 
Its  western.'  More  to  the  N., in  the  eastern  or  principal  chain  and 
Ijiear  the  sources  of  the  Saskatchewan,  are  MoL  hLLi  (16,700 
!ft  ),  Mount  Brown  (10,000  ft.),  and  Mount  Murchison  (15  7;S0  ft  V 
The  mountains  now  decrease  in  hei-^ht-  N  of  tliA  ii  i 

they  are  only  4000  ft.  above  the  sea,  T.nd 'about  3000  fn  ^Tl^' 
§  u.  The  Great  western  Desert  Plateau—The  tible-land 
of  Anahuacis  continued  to  the  N.  by  the  plateau  of  wf  in 
I  ^hich  are  many  fertile  valleys.    To  it  succeeds  the  Great  We 'te  n 
D  sert  plateau,  a  wide,  elevated  desert  belt  stretching  fi^^n  the 

^OOO  ft^  above  the  level  of  the  sea,  and  spreading  over  13°  ofTon 
ptude  between  the  parallels  of  35°  and  46°    It  consults  of  fwl 

.olorado  the  country  comist,  of  a  s.ccision  7aridT„d  w 
erraced  plataaux,  througU  which  the  mate  river  Ld  it  tnbutS 


1 


130 


PHYSICAL  GEOGRAPHY. 


Chap.  XII. 


liave  scooped  narrow  ravines  or  canons  of  prodigious  depth.  The 
grand  canon  of  the  Colorado  is  500  in.  long,  and  from  2000  to 
5000  ft.  deep.  Thus  the  streams  of  the  region,  instead  of  flowing 
near  the  surface  and  irrigating  the  countrj^,  are  lost  in  the  bowels 
of  the  earth,  leaving  the  uplands  to  everlasting  sterility.  The  second 
great  natural  division  is  the  central  basin  or  Great  Salt  Desert  of 
Utah,  having  an  area  of  250,000  sq.  m.  This  is  an  enclosed  conti- 
nental river  basin  consisting  of  vast  elevated  desert  steppes  from 
4000  to  5000  ft.  above  the  sea,  many  of  these  arid  plains  being 
covered  with  incrustations  of  salt,  and  divided  by  mountain  ridges 
trending  N.  and  S.  It  is  a  dry,  rainless  region,  because  the  pre- 
vailing winds  come  from  the  Atlantic  on  one  side,  and  the  Pacific 
on  the  other  ;  the  former  are  deprived  of  their  moisture  while  blow- 
ing over  the  continent  and  Rocky  Mountains,  whereas  the  A'apourS 
brought  from  the  Pacific  by  the  west  winds  is  precipitated  on  the 
tops  of  the  lofty  coast  chains,  so  that  both  amve  as  dry  winds  at 
the  desert,  which  is  consequently  doomed  to  perpetual  barrenness,  at 
least  till  some  great  geological  change  takes  place.  The  desert  has 
therefore  few  streams,  the  Ilumboldt  is  the  greatest  yet  known; 
but  it  has  innumerable  lakes,  which,  having  no  outlet,  are  naturally 
salt  because  whatever  streams  fall  into  them  continually  brings 
salt  from  the  soil  around ;  and,  as  in  that  latitude  the  evaporation' 
is  very  great,  the  water  goes  off  and  the  salt  remains,  and  has 
increased  so  much  in  some  of  the  lakes,  as  e.g.  the  Great  Salt  Lake,' 
that  it  is  charged  with  common  salt  almost  to  saturation.  That 
lake,  the  Utah,  and  Nicollet  lakes  are  the  best  known  ;  but  there' 
is  a  long  line  of  them,  probably  less  salt,  at  the  eastern  foot  of  the 
Sierra  Nevada. 

In  the  third  natural  division  the  Desert  plateau  becomes  much 
contracted  in  width  towards  the  50th  parallel  of  N.  latitude,  and 
e!ctends  along  the  western  side  of  the  Roclcy  Mountains  northwards 
through  half  the  continent,  sloping  gently  to  the  W.  and  to  the 
Arctic  Ocean.  It  contains  the  basins  of  the  Frazer  and  Simpson 
Rivers,  and  the  affluents  of  the  Oregon  or  Colombia.  '  All  these 
rivers  flow  to  the  Pacific  through  the  Cascade  range.  Still  farther 
to  the  N.W.,  beyond  the  sources  of  the  M'Kenzie  River,  the  long: 
belt  is  longitudinally  drained  by  the  Yulcon,  which  reaches  the 
sea  in  Norton  Sound  of  Bshring  Strait.'  '  The  whole  of  this  long 
belt  of  country  has  an  undulating  surface  of  fertile  valleys  and 
table-lands,  but  in  the  basin  of  the  Oregon  liigh  rugged  volcanic 
plains  are  found.  It  has  a  mild  climate,  many  lakes,  and  feeds 
some  of  the  greatest  rivers.' 

§  4.  Tlie  IWCountain  System  of  the  Pacific. — The  niountnin 
system  of  the  Pacific,  which  bounds  the  great  J)-sert  zone  on  the 
W.,  maintains  a  general  parallelism  to  the  eastern  or  proper  chain 
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of  the  Rocky  Mountains,  and  ranges  from  the  peninsula  of  Oali- 
fornia  through  the  whole  distance  to  Alaska  Territory.    It  ia 
a  wide,  complex,  and  very  elevated  chain  of  mountains,  its  main 
central  crests  and  loftiest  peaks  surpassing  those  of  the  Eocky 
Mountains  in  altitude.    In  lower  or  peninsular  California,  where 
it  bears  the  name  of  Sierra  de  Lucia,  it  is  a  single  ridge,  but 
m  lat.  35°  it  divides  into  two  branches  trending  northwards, 
namely  the  Coast  Mountains  of  CaliCoruia  and  Oregon,  and  the 
Sierra  ^s^vada ;  between  these  lies  the  gold  producing  valley 
of  California.    The  Coast  Mountains  run  close  to  the  Pacific,  W  of 
the  valleys  of  Sacramento  and  Wahlahmath,  and  extend  in  a  broken 
chain  to  Vancouver  Island ;  while  the  Sierra  Nevada,  Ihe  o-reat 
watershed  which  insulates  the  enclosed  and  elevated  plateau  of  Utah 
>om  the  golden  basin  of  California,  and  culminates  in  Mount 
'Whitney  (14,898  ft.)  passing  the  42nd  paraUel,  is  continued  in  a 
iA.IS  E.  direction  by  the  Cascade  Mountains,  the  loftiest  part  of  the 
whole  range,  on  which  are  situated  Mount  Pitt  and  Mount  Jefferson 
in  Oregon  and  Mount  Baker  on  the  borders  of  British  Columbia. 
It  takes  Its  name  from  the  number  of  rapids  and  waterfalls  that 
^averse  it  where  it  crosses  the   Frazer  and   Oregon  Eivers. 
.Passing  these,  it  goes  N.W.  to  Alaska  Territory,  where  it  cm-ves 
xwnd  and  extends  W.  till  it  ends  in  the  volLic  peninsuS  ff- 
Ahaska.    It  contains  three  peaks,  whicb  are  14,500  ft.  above  the 
|sea,  and  even  more ;  those  of  St.  Helens  and  Mount  Eeo-nier  are 
active  though  rather  torpid  volcanoes,  while  Mount  Baker  Mount 
Fairweather,  and  Mount  St.  Elias,  the  highest  points  o  the  cha  n 
are  all  supposed  to  be  occasionally  in  eruption  ' 
The  Pacific  slope  is  a  long  but  comparatively  slender  belt 
between  the  Great  Pacific  chain  and  the  ocean.    In  the  pen  nsiiH 

^  t  f rti;  s^th  '"rvr  '"'''"^  ^•-^^^^  ^-^-piy  toTr : 

Mil  A.  ot  the  d4th  parallel  its  averao-g  breidth      inn  j 

ana  on  tlie  W.  by  estuanes  and  straits     Tn  fn^+  fi  „      i  -  / 

roes  and  islands  along  the  coast  hlTlt  J    I  aichipela- 
be  mainland,  and  m ay  be  i c^t c  S^^^^^^^^ 

I'hain  of  table-lands  aymmmtn         i    i  ^  submarine 

ivesterlyrid.e  of  the  il  S  ^^ost 

=oastofthe  PaciLand  1.  r  1  "^«""teins  on  the 

acme  and  the  islands  are  in  many  places  covered  with 
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colossal  forests,  and  many  of  our  iDeautiful  sbruLs  and  plants  have- 
been  brought  from  thence ;  but  ^vide  tracts  in  the  S.  are  sandy  desert  s. 

Vancouver  Island  has  recently  risen  into  much  importance  on 
account  of  its  excellent  harbours  and  its  deposits  of  coal.  Esqui- 
uialt  Harbour,  in  the  S.E.  of  the  island,  is  the  best  harbour  on  tin- 
N.W.  shores  of  North  America.  The  coal,  which  is  chieiiy  \vor]<e  1 
at  Nanaimo,  is  found  in  seams  varying  from  2i  to  5  I't.  in  lhickue.s>. 
It  is  Tery  valuable  and  largely  exported.  The  sea  board  scenery 
of  Vancouver  Island  is  abrupt,  with  numerous  fjordlike  harbom-n, 
especially  on  the  western  coasts,  where  Alberni,  Nootka,  Quatsiini, 
and  other  Sounds  extend  far  inland.  The  interior  is  elevated. 
Mount  Arrowsmilh  reaches  a  height  of  5970  ft.,  the  Albert 
Edward  range  has  an  elevation  of  from  COOO  to  7000  ft.,  and  tlif 
Victoria  Peak  reaches  7484  ft.  Throughout  its  whole  length  tbf 
island  is  occupied  by  a  backbone  of  trap,  which  shows  strongly 
marked  features  of  glacial  action.  The  country  is  covered  with 
dense  forests  of  pine,  oak,  willow,  alder,  cedar,  and  maple.  Tract> 
of  grass  land  are  occasionally  met  with,  and  lovely  lakes  and  tarus 
abound. 


CHAPTER  XIII. 
VoRTH  AMERICA — Continued. 

§  1.  The  Grca-t  Central  Plains,  or  Valley  of  the  Missis- 
sippi.— The  great  central  plain  of  North  America,  lying  between 
the  Rocky  and  Alleghany  Mountains,  and  reaching  from  the 
Gulf  of  Mexico  to  the  Arctic  Ocean,  has  an  area  of  3,245,000  sq. 
m.,  which  is  245,000  sq.  m.  more  than  the  central  plain  of  South 
America,  and  about  half  the  size  of  the  great  plain  of  the  old 
continent,  which  is  less  fertile ;  for  although  the  whole  of 
America  is  not  more  than  half  the  size  of  the  old  continent,  it 
contains  at  least  as  much  productive  soil.  The  plain,  3000  ui. 
long,  becomes  wider  towards  the  K,  and  has  a  low  table-land 
which  crosses  it  from  Labrador,  and  along  the  sources  of  the 
Missoiuri  to  the  northern  verge  of  the  Utah  Desert.  '  Stretchinf? 
at  right  angles  to  this,  the  broad  Rocliy  Mountain  zone,  which 
forms  the  watershed  of  the  continent,  may  be  regarded  as  the 
crest  of  a  vast  undulation  of  the  surface  descending  from  an  ele\  «- 
tion  of  from  4000  to  COOO  ft.  to  the  level  of  the  sea,  with  only 
two  intervening  swells,  those  on  which  the  Ooi-dilleras  of  the 
Pacific  and  AUeghanies  stand.' 

Along  the  whole  eastern  side  of  the  Rooky  Mountains  a  high 
plateau  extends  from  the  base  of  the  Oohahuela  chain  to  the  far 
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N.,  including  the  tahlft-lands  N.  of  the  Great  Slave  Lake,  and  E. 
of  the  M'Kenzie  River.    At  its  southern  extremity  it  is  from  4000 
to  5000  ft.  above  the  level  of  the  sea ;  but  rises  to  6000  between 
the  parallels  of  38°  and  48°,  and  maintains  a  considerable  elevation 
beyond.     '  From  this  height  the  land  descends  in  slopes,  but 
'  chiefly  in  bold  terraces,  to  the  lower  level  of  the  great  plain,  a 
structm-e  pecidiarly  marked  between  the  Eiver  Pecos,  and  the 
,  Black  Hills  of  Missouri,  where  the  plateau  descends  in  two  very 
.  bold  terraces  ;  the  upper  one,  which  is  from  '200  to  300  m.  bi'oad, 
has  an  altitude  of  5000  ft.  at  the  base  of  the  mountains,  and  at  its. 
i!  eastern  edge  it  is  1000  ft.  above  the  second  steppe.    It  is  a 
thirsty  desert,  without  tree  or  shrub,  except  along  the  margins  of 
i  the  scanty  streams,  and  at  certain  seasons  is  nearly  without 
(  vegetation.    N.  of  the  Missouri  it  is  more  grassy,  and  in  the 
I  British  territories  it  has  many  streams  and  lakes.    The  Rio  Grande 
;  and  the  M'Kenzie  flow  along  this  plateau,  the  one  towards  the  S., 

•  and  the  other  towards  the  N.,  while  the  tributaries  of  the  JMissouri 
and  Mississippi,  and  those  of  the  Saskatchewan  and  Churchill 

i  flow  across  it.    The  lower  teiTace  is  altogether  similar  to  the 
i  upper  in  the  S. ;  but  towards  its  middle  and  the  northern  end  it 
has  more  vegetation,  and  on  the  streams  thicker  belts  of  trees.  All 
the  rivers  from  the  Arkansas  to  the  Pecos  inclusive,  descending 
from  the  upper  steppe  or  terrace,  pass  out  from  between  conflning' 
precipices  often  several  hundred  feet  high,  through  narrow  sluices 
of  enormous  depth.    Along  the  eastern  border  of  this  lower  tree- 
:  less  steppe  there  extends  for  more  than  400  m.  a  remarkable  belt 
1  of  woodland  from  5  to  26  m.  wide,  called  the  "  Cross  Timbers."  It 
<  separates  the  fertile  and  well  watered  plains  of  Texas,  abounding 
in  verdant  prairies  and  clumps  of  trees,  from  the  barren  naked 
i  steppes  lying  between  the  Missouri  and  the  Rocky  Mountains, 
'  which  are  known  as  the  Great  "Western  American  Desert,'  and 
which  extend  for  two  degrees  into  the  British  territories. 

Most  of  the  cultivation  on  the  W.  side  of  the  Mississippi  is 
along  the  Gulf  of  Mexico  and  in  the  adjacent  provinces,  and  is 
I  entirely  tropical,  consisting  of  sugar  cane,  cotton,  and  indigo.  At 
t  the  mouth  of  the  Mississippi  there  are  marshes  which  cover  35,000 
:  sq.  m.  bearing  a  rank  vegetation,  and  its  delta  is  a  labyrinth  of 
'  streams  and  lakes,  with  dense  brushwood,  the  very  home  of  the 
crocodile.    Salt  rocks  and  saline  gi-ounds  occur  occasionally  in  the 
pi-airies,  as  the  Grand  Saline  between  the  Rivers  Arkansas  and 
Neseikelongo,  which  is  often  covered  2  or  3  inches  deep  with  salt 
;  like  a  fall  of  snow ;  the  wild  cattle  come  in  multitudes  to  these 
places  to  lick  the  salt,  of  Avhich  they  are  very  fond.    Pi-airies,  .«o 
characteristic  of  the  North  American  continent,  lie  on  both  sides 

•  of  the  Lower  Mississippi;  but  they  chiefly  prevail  to  the  W.  of  it. 
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These  savannahs  are  sometimes  rolling,  but  oftener  level  aii,l 
interminable  as  the  ocean,  covered  with  long  rank  gi-ass  of  tenth- 
green,  blended  with  flowers  chiefly  of  the  liliaceous  kind,  wliicli 
hll  the  air  with  their  fragrance.  In  the  southern  districts  a- 
Lower  Texas,  thej  are  interspersed  with  groups  of  ma-nolia^ 
tulip,  and  cotton  trees ;  and  in  the  N.W.  with  oak  and  blac\- 
walnut.  These  are  rare  occurrences,  for  the  prairies  may  h- 
Iraversed  for  many  days  without  meeting  with  a  shi-ub,  except  oii 
the  banks  of  the  streams,  which  are  beautifully  fringed  with 
myrtles  azaleas,  kalmias,  andromeda«,  and  rhododendixjna.  On 
the  wide  plains  the  only  objects  to  be  seen  are  coimtless  herds  o:' 
wild  horses,  bisons,  and  deer.  The  country  assumes  a  more 
severe  aspect  in  higher  latitudes.  It  is  still  capable  of  producing 
rye  and  barley  in  the  territories  of  the  Assiniboine  Indians,  and 
round  Lake  Winnipeg  there  are  great  forests;  a  low  vegetation 
with  grass  follows  ;  and  towards  the  Arctic  Ocean  the  land  is  barren 
and  covered  with  numberless  lakes  and  large  streams  sunk  into 
narrow  valleys  which  flow  into  that  icy  sea. 

East  of  the  Mississippi  there  is  a  magnificently  uudulatinir 
eouutry,  extending  1000  m.  from  S.  to  N.  between  that  great  river 
and  the  Alleghany  Mountains,  mostly  covered  with  trees.  Pine 
barrens,  stretching  far  into  the  interior,  occupy  the  whole  coast  of 
the  Gulf  of  Mexico  eastward  from  Pearl  River  through  Alabama 
and  a  great  part  of  Florida.  These  vas"t  monotonous  tracts  of  sand 
covered  with  forests  of  gigantic  pine  trees  are  as  peciiilarly  a 
distinctive  feature  of  the  North  American  continent  as  the  prairiej^. 
and  are  not  confined  to  this  part  of  the  United  States  ;  they  occur 
to  a  great  extent  in  North  Carolina,  Virginia,  and  elsewhere. 
Tennessee  and  Kentucky,  though  much  cleared,  possess  large  wood- 
lands ;  '  almost  the  whole  country  between  the  western  slopes  of 
the  Appalachian  Mountains^  and  the  Mississippi,  the  Wabash, 
and  Lake  Michigan,  was  originally  clothed  with  forest,  and 
much  of  it  still  remains.'  The  Ohio  flows  for  hundreds  of 
miles  among  magnificent  trees  with  an  undergrowth  of  azaleas, 
rhododendrons,  and  other  beautiful  shrubs,  matted  together  bv 
creeping  plants.  There  the  iV^^rican  forests  appear  in  all  their 
gloiy;  the  gigantic  deciduous  cypress,  and  the  tall  tulip  tree 
overtopping  the  forest  by  half  its  heiglit,  a  variety  of  noble  oalcs, 
black  walnuts,  American  plane,  hickory,  sugar  maple,  and  the 
liriodendrons,  the  most  splendid  of  the  magnolia  tribe,  the  pride  of 
the  forest. 

The  Illinois  waters  a  coimtry  of 'prairies.' '    Five  new  States 


I  Prairie  (Fr.  prairie  =  ' a.  inendow  '),  an  extensive  tract  of  level  or  roll- 
ing laud  covered  witli  coarse  grass  and  destitute  of  trees. 
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occupy  a  territory  of  280,000  sq.  m.  round  the  great  lakes,  -which 
embraces  180,000,000  acres  of  excellent  land.  These  States  lie 
bet^yeeo  the  lakes  and  the  Ohio,  and  they  reach  from  the  United 
States  to  the  Upper  Mississippi,  a  country  twice  as  large  as  France, 
and  6  times  the  size  of  England  ;  but  almost  the  whole  .of  this 
noble  plain  of  North  America  is  unrivalled  in  every  natural  advan- 
tage. 

The  quantity  of  water  in  the  N.E.  part  of  the  central  plain 
greatly  preponderates  over  that  of  the  land  ;  the  6  principal  lakes 
— Huron,  Superior,  Michigan^  Erie,  and  Ontario — cover  an  area 
equal  to  Great  Britain,  without  reckoning  innumerable  smaller 
lakes  and  rivers. 

§  2.  British  Iffortli  America,  including  the  shores  of  the 
Polar  Ocean  and  the  recently  established  colony  of  British 

i  Columbia,  comprises  an  area  of  3,513,325  sq.  m.,  and  a  population 

:  estimated  in  1875  at  4,000,000,  exclusive  of  about  85,000  Indians. 
Though  large  tracts  on  the  Arctic  Ocean  are  uninhabitable,  there  is 

i  no  perpetual  snow  over  a  wide  extent  of  them,  and  severe  winters 
do  not  prevent  the  growth  of  the  cerealia  and  deciduous  trees,  for 

1  whenever  a  summer  heat  of  56°  lasts  for  100  or  120  days,  wheat 
may  be  profitably  cultivated:  the  limit  seems  to  be  the  6oth 
parallel  of  latitude,  so  that  even  the  northern  parts  are  not  so 
desolate  as  is  generally  supposed.  Canada,  by  far  the  most 
valuable  of  the  British  Colonies,  has  an  area  of  301,000  sq.  m. 
No  country  in  the  world  surpasses  Canada  in  the  produce  of 
wheat.  Every  plant  that  requires  a  hot  summer  and  can  endure 
a  cold  winter  thrives  there.    Whole  districts  of  many  square  miles 

)  are  of  alluvial  soil,  from  30  to  80  ft.  deep,  which  in  some  places  is 
so  rich  as  to  bear  good  crops  for  several  successive  years  without 
manure,  and  there  are  many  continuous  tracts,  especially  along 
the  rivers,  too  rich  for  wheat. 

I       Although  there  is  much  productive  soil  in  Lower  Canada  or 

I  Quebec,  yet  the  largest  and  finest  tracts  of  land  are  in  Upper,  now 
called  Ontario,  or  Western  Canada,  which  is  a  plain  of  20,000  sq. 

I  ni.,  of  great  fertility,  mostly  covered  with  noble  forests,  which 

I  show  the  strength  of  the  soil.  The  trees  are  chiefly  deciduous,  as 
maple,  beech,  oak,  basswood,  elm,  hickory,  walnut,  chestnut,  cherry, 
birch,  cedar,  and  pine. 

More  to  the  N.  deciduous  trees  become  scarcer,  and  pine  forests 
of  great  yariety  prevail.  Of  the  whole  114  species  of  known  pines, 
21  are  natives  of  Canada,  or  the  Hudson  Bay  Territory.  The  balm 
of  Gilead  fir,  the  hemlock,  and  black  spruce  are  common ;  the 

i  latter  is  also  found  in  Nova  Scotia.  The  Pinus  alba,  or  white 
spruce,  is  one  of  the  most  beautiful  of  the  Canadian  trees ;  it  grows 
to  the  height  of  140  ft.,  with  branches  feathering  down  to  the 
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l^eight  of  200  ft.,  but  in  the  CanaSan^^T  : 
with  a  tufted  crown,  casting  a  deep  gloom  below.  ^ 


Ibese  noble  Canadian  forests  are  rapidly  fallin-  under  the  axo  ■ 
already  the  largest  trees  on  the  rivers  have  been  cut  down  t  ,: 

Wn  18^^^^^^^^  ""^^r     ^ '^"«P--ti-=-       ^i-feer  Jo  the  sea  hv 

§  3.  Hudson  Bay  Territory.-That  magnificent  region 
extending  from  the  Canadas  to  the  Pacific  Ocean,  was  for  more 
ban  a  century  only  known  to  the  Hudson  Bay  Company,  who 
had  many  settlements  scattered  over  it  for  the  capture  of  fur 
bearmg  ^n^nals  which  are  so  valuable  and  numerous  that  thev 
employed  100,000  Indians  in  the  chase.  Since  the  discovery  of 
the  go  d  producing  district  has  led  to  the  establishment  of 
the  Colony  of  British  Columbia,  W.  of  the  Rocky  Mountains, 
surveys  have  been  made  for  a  Canadian  Pacific  railway  which  will 
connect  the  two  oceans.  The  country  between  Lake  Superior  and 
the  Red  River  settlement  of  the  Hudson  Bay  Company  consists  of 
chains  ofrivers  and  lakes  of  the  most  romantic  scenery;  that  on 
Sturgeon  Lake  is  said  to  be  of  the  highest  order  ;  and  the  scenery 
among  the  islands  of  the  Lake  of  the  Woods  is  sino-ularfy 
picturesque,  consisting  of  every  variety  of  bare  precipitous  rock, 
abrupt  timbered  hills,  gently  wooded  slopes,  and  open  grassv 
plains ;  and  so  abundant  are  the  flowers  on  the  banks  of^these 
secluded  lakes  that  they  look  like  a  neglected  garden.  lu 
fact,  the  great  lakes  of  the  Winnipeg  Basin,  embracing  an  area 
of  Avater  of  13,000  sq.  m.,  are  bounded  on  the  W.  by  abrupt  and 
precipitous  escarpments,  which  bear  the  marks  of  having  been  an 
ancient  coast  line  when  the  ocean  was  relatively  1600  ^ft.  above 
its  present  level.  On  their  w^estern  flanks  these  ranges  descend 
in  steps  and  gentle  slopes  to  the  fertile  valleys  of  the  Assiniboine 
and  Swan  Rivers,  and  are  densely  wooded  with  valuable  timber 
trees. 

Captain  Palliser,  in  his  exploring  expedition,  found  that  the 
southern  branch  of  the  Saskatchewan  flows  through  a  sterile 
country  that  seems  to  be  part  of  the  great  American  Desert,  but  be 
discovered  a  large  navigalale  river  equal  to  the  Missouri  in  size  and 
volume.  It  issues  from  the  chain  of  the  Qu'appelle  Lakes  and 
joins  the  Saskatchewan,  which,  with  its  tributaries,  falls  into  Lake 
Winnipeg  after  having  watered  the  Bufi'alo  prairies.  It  is  esti- 
mated that  the  country  drained  by  the  Saskatchewan  and  the  Red 
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EiTer  contains  1-55,000  sq.  m.  Of  tliis  land  about  80,000  sq.  m., 
lying  S.  of  the  elbow  of  the  Saskatchewan  and  the  Qu'appelle 

,  Eiver,  would  he  adapted  for  grazing-.  At  the  base  of  the  Eocky 
Mountains  there  is  a  strip  of  fertile  territory,  and  on  the  N.  branch 

.  of  the  Saskatchewan  there  are  aboiit  65,000  sq.  ni.,  one  third  of 
which  is  fit  for  immediate  cultivation.  Though  the  winter  is  severe, 
the  number  of  buifaloes  that  live  on  these  grounds  shows  that  they 

.  ai'e  perfectly  suited  for  settlements. 

j        §  4.  The  Rocky  iVEountains. — It  is  singular  that  the  lowest 
*  Passes  in  the  Eocky  Mountains  should  be  in  the  highest  part  of  the 
i  chain.    Captain  Palliser  and  his  party  discovered  three  that  might 
I  be  available  for  carrying  a  railway  across,  aU  of  which  are  on 
:  British  ground.    The  Vermilion  Pass  is  described  as  a  deep  gorge 
;  between  high  peaks,  and  only  4947  ft.  above  the  level  of  the  sea; 
I  the  Kananaski  Pass  is  through  a  wide  sloping  valley,  with  a  com- 
1  paratively  easy  descent  to  the  W.,  which  by  a  tunnel  might  be 
'  reduced  to  the  absolute  height  of  4G00  ft.     The  third  is  the 
]  Kutanie  Pass.    The  Yellow  Head  Pass,  leading  from  the  Atha- 
;  basca  to  the  Upper  Frazer,  has  been  explored  by  Dr.  Eae.    It  is 
I  jS".  of  the  others,  in  latitude  52°  54'  N.,  and  crosses  the  moim tains 
by  a  series  of  easy  gradients,  its  greatest  altitude  being  3760  ft. 
This  Pass  leads  into  the  valley  of  the  Thomson,  a  tributary  of 
the  Frazer.    The  valleys  of  the  Thomson  and  Frazer  Eivers  are 
distinguished  by  a  series  of  raised  terraces  on  a  grand  scale,  which 
have  been  traced  for  100  m.  along  the  banks  of  the  Thomson  and 
I  200  m.  along  those  of  the  Frazer.    These  are  all  perfectlj^  uni- 
;  form,  and  correspond  on  the  opposite  sides  of  the  valleys.  The 
lower  valley  of  the  Frazer  is  a  rugged  dehle,  mountain  succeeding 
1  mountain  between  Yale  and  Lytton,  '  bluff  after  bluff  of  solid  per- 
pendicular granite,  intermingled  with  steep  slides  of  rolling  rock, 
washed  by  a  deep  impetuous  stream,  and  1500  to  2000  ft.  high.' 
It  is  of  extreme  importance  to  establish  a  communication  between 
ji  British  Columbia  and  the  Eed  Eiver  settlement,  not  only  in  conse- 
1   quence  of  the  fertility  of  the  latter,  but  because  it  lies  in  the  direct 
line  of  an  interoceanic  railway. 

The  Rocky  Mountains  proper  may  be  considered  as  only  the 
I  eastern  flank  of  an  immense  tract  of  mountainous  country.  This 
attains  its  greatest  height  where  the  western  flank — the  Cascade 
range — runs  like  a  wall  along  the  coast,  only  broken  by  gorges  or 
nicks,  through  which  the  Columbia  and  Frazer  Eivers  flow  into 
the  Pacific.  In  British  Columbia  the  Eocky  Mountains  and  the 
Cascade  range  approach  so  clope  to  each  other  that  they  may  be 
considered  to  form  one  vast  chain.  Farther  N.  they  enclose  between 
them  an  elevated  plateau  of  rolling  country  100  m.  broad.  The 
Rocky  Mountains  here  form  a  triple  range,  averaging  from  150  to 
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IGO  m.  wide,  the  main  crest,  which  is  the  most  easterly,  rising 
abruptly  from  an  elevated  plain  to  a  neight  of  10,000*^  ft.,  tlie 
middle  and  western  crests  being  respectively  32,000,  and  from 
4000  to  8000  ft.  high.  The  Cascadu  ram/e  runs  at  a  distance 
of  from  20  to  25  m.  from  the  coast  far  northwards  into  the  Tem- 
tory  of  Alaska.  Its  average  width  N.  of  the  Frazer  River  is  1 1 0  m., 
and  it  forms  a  sea  of  mountains,  some  of  its  peaks  exceeding 
10,000  ft.  in  height,  and  extending  inland  tiU  its  spurs  mingle  with 
those  of  the  Rocky  Mountain  range.  The  western  slopes  of  all  the 
mountains  are  tbickly  wooded.  In  the  Cascade  range  there  are 
some  fine  glaciers,  and  the  coast  line  penetrates  by  numerous 
openings,  snch  as  Bute  Inlet,  far  up  into  the  mountains.  The 
scenery  is  like  that  of  tlie  Norwegian  fjords. 

The  middle  and  western  crests  of  the  Rocky  Mountains  are 
gradually  depressed  N.  of  Cariboo,  and  this  depression  ibrais  a 
large  tract  of  level  and  fertile  country  on  each  side  of  the  Upper 
Frazer.  The  gold  region  of  Cariboo  lies  in  the  elbow  formed  by 
the  Upper  waters  of  the  Frazer,  and  is  bounded  on  the  S.  by  the 
Quesnelle  River.  Everj^  creek  in  the  hills  contains  gold,  and 
auriferous  deposits  have  been  traced  throughout  the  whole  length 
of  British  Columbia  in  the  valleys  of  the  Frazer  and  its  tributaries. 
Of  the  interior  of  .the  N.  \V.  portion  of  North  America,  little  is 
at  present  known.  TJie  seaward  slopes  of  the  range,  in  which 
Mounts  St.  Elias  (14,970  ft.)  and  Fairweather  (14,708  ft.)  rear 
their  mighty  crests,  are  clothed  with  fine  forests,  chietl}'  oi  pine. 
Back  from  these  mountains  an  undulating  region  extends  to  the 
great  Yukon  River,  one  of  the  ranges,  the  Tlluluk  Mountaim,  at- 
taining an  altitude  of  3000  ft.,  aud  forming  conspicuous  landmarks 
in  a  coimtry  which  is  comparatively  level.  These  moimtains  ex- 
tend from  N.  to  S.  for  about  100  m. 

§  6.  The  Alleg-hanies. — The  Alleghany  or  Appalachian 
Jtlountains,  which  constitute  a  second  and  subordinate  system  of 
North  American  mountains,  separate  the  great  central  plain  from 
that  which  lies  along  the  Atlantic  Ocean.  They  stretch  towards 
the  S.W.  from  Cape  Gaspe,  on  the  Gulf  of  St.  Lawrence,  to 
Alabama,  a  distance  of  1;.{00  m.  The  system  comprises  three 
sections,  eacb  of  which  has  its  .own  well  marked  peculiarity  of 
.structui'e ;  viz.  the  Northern,  which  extends  from  Cape  Gaspe  to 
the  Hudson ;  the  Central,  stretching  from  the  Hudson  to  the 
New  River  ;  and  the  Southern,  from  the  New  River  to  the  S.W. 
extremity.  The  Northern  section  embraces  the  Adirondacks,  the 
Green  Mountains,  and  the  "White  IMountains  ;  the  Middle  division 
comprises  the  Blue  Ridge,  the  AUeghauies  proper,  and  several 
minor  ranges ;  the  Southern,  the  Smoky,  and  the  Uuaka  Mountains. 
Tae  culminating  point  of  the  whole  system,  the  Black  Dome,  or 
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Cliripnann  PeaJi  (6707  ft.),  is  in  the  sontliem  section.  The  paral- 
lelism of  the  ridges,  and  the  uniform  level  of  their  summits,  are 
the  characteristics  of  this  chain,  which  is  lower  and  less  wild  than 
the  Rocky  Mountains.  The  uniformity  of  outline  in  the  southeiui 
and  middle  parts  of  the  chain  is  very  remarkable,  and  results 
from  their  peculiar  structure.^  These  mountains  have  no  central 
axis,  but  consist  of  a  series  of  convex  and  concave  flexures, 
(  forming  alternate  hills  and  longitudinal  valleys,  running  nearly 
parallel  throughout  their  length,  and  cut  transversely  by  the  rivers 
,  that  flow  to  the  Atlantic  on  the  one  hand,  and  to  the  Mississippi 
on  the  other.  The  watershed  nearly  follows  the  windings  of  the 
coast  from  the  point  of  Florida  to  the  N.  W.  extremity  of  the  State 
of  Maine. 

The  Appalachian  Mountains  are  noted  for  their  picturesque  and 
j  peaceful  scenery ;  they  are  generally  clothed  with  a  luxuriant 
*  vegetation,  and  their  western  slope  is  considered  one  of  the  finest 
;  coimtries  in  the  United  States.   To  the  S.  they  maintain  a  distance 
:  of  200  m.  from  the  Atlantic,  but  approach  the  coast  in  the  S.E. 
:  part  of  the  State  of  New  York,  from  whence  their  general  course 
is  northerly  to  the  banks  of  the  St.  Lawrence.  But  the  Blue  Moun- 
tains, which  form  the  most  easterly  ridge,  are  continued  in  the 
double  range  of  the  Green  Mountains  to  Gaspe  Point  in  the  Gulf 
of  St.  Lawrence.    They  till  the  Oanadas,  Maine,  New  Brunswick, 
and  Nova  Scotia  with  branches  as  high  as  the  mean  elevation 
of  the  principal  chain,  and  extend  even  to  the  dreary  regions  of 
1  Baffin  Bay.    The  chief  Canadian  oifsets  are  parallel  to  the  St. 
1  Lawrence.    The  Mealy  Mountains,  on  the  E.  coast  of  Labrador, 
extend  from  Oape  Charles  to  Sandwich  Bay.  They  rise  to  a  height 
of  1484  ft.  above  the  sea  level,  and  are  wooded  nearly  to  their 
summits.    With  the  Wotchish  Mountains,  and  the  elevated  land 
N.  of  the  St.  Lawrence,  these  mountains  have  received  the  name  of 
the  Laurentian  range.    Little  is  known  of  the  high  lands  within 
the  Arctic  circle,  except  that  they  have  a  general  direction  from 
S.E.  to  N.W. 

§  0.  Decrease  of  Vegetation  towards  the  Arctic  Reg-ion. 

—The  coimtry  between  Hudson  Bay,  the  mouth  of  the  Churchill 
Kiver,  and  that  of  the  Mackenzie,  is  also  an  almost  unknown 
region ;  on  the  E.  it  descends  steeply  to  the  coast,  but  the  western 
part,  known  as  the  Barren  Ground,  is  low  and  destitute  of  wood, 
except  on  the  banks  of  the  streams.  The  whole  is  covered  with 
low  precipitous  hills.  Not  only  the  deep  forest,  but  vegetation  in 
general,  diminishes  as  the  latitude  increases,  till  on  the  Arctic 
shores  the  soil  becomes  incapable  of  culture,  and  the  majestic 
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forest  is  Ruperpeded  by  the  Arctic  biirh,  whicli  creeps  on  tlic 
p;roLmd.  Many  of  the  islands  along-  the  N.E.  coasts,  tlioiigh  little 
favoured  by  nature,  produce  flax  and  timbar  ;  find  Newfoundland, 
with  an  area  of  40,200  sq.  m.,  maintains  a  population  of  14fi,5o0 
souls  chiefly  by  its  fisheries :  it  is  nearer  to  Biitain  than  any  part  of 
America — the  distance  from  the  port  of  St.  John  to  the  harbour  of 
Valeutia  in  Ireland  being  only  1870  m. 

§  7.  The  Atlantic  Plain. — The  lonp^  and  comparatively 
narrow  plain  which  lies  between  the  Appalachian  Mountains  and 
the  Atlantic  extends  from  the  Gulf  of  Mexico  to  the  E.  coast  of 
Massachusetts.  At  its  S.  extremity  it  joins  the  plains  of  the 
Mississippi,  and  gradually  becomes  narrower  in  its  northern  course 
to  New  Euiiiand,  where  it  merely  includes  the  coast  line  and 
islands.  It  is  divided  throughout  its  length  by  a  line  of  blulVs 
from  200  to  300  ft.  high,  which  commences  in  Alabama  and  ends 
on  the  coast  of  Massachusetts,  This  declivity  is  the  eastern  edge 
of  the  terrace  known  as  the  Atlantic  Slope,  which  rises  abo^■e  tlu: 
Maritime  Plain,  and  undulates  westward  to  the  foot  of  the  Blue 
Mountains,  the  most  eastern  ridge  of  the  Appalachian  chain.  It  is 
narrow  at  its  extremities  in  Alabama  and  New  York,  but  in 
Virginia  and  the  Oarolinas  it  is  200  m.  wide.  The  siu-face  of  the 
elope  is  of  great  imiformity ;  ridges  of  hills  and  long  valleys  run 
along  it  parallel  to  the  mountains,  close  to  which  it  is  600  ft.  high. 
It  is  rich  in  soil  and  cultivation,  and  aftbrds  an  immense  water 
power  in  the  streams  and  rivers  flowing  from  the  mountains  across 
it,  which  are  precipitated  over  its  rocky  edge  to  the  plain  on  the 
E.  More  than  23  rivers  of  considerable  size  fall  in  cascades  down 
this  ledge  between  New  York  and  the  Mississippi,  aflbrding  scenes 
of  great  beauty.' 

Both  land  and  water  assume  a  new  aspect  on  the  Atlantic 
plain.  The  rivers,  after  dashing  over  the  roclcy  barrier,  run  in 
tranquil  streams  to  the  ocean  ;  and  the  plain  itself  is  a  monotonous 
level,  not  more  than  100  ft.  above  the  surface  of  the  sea.  Along 
the  coast  it  is  scooped  into  valleys  and  ravines,  with  innumerable 
creeks. 

The  greater  part  of  the  magnificent  counti-ies  E.  of  the  Allo- 
ghauies  is  in  a  high  state  of  cultivation  and  commercial  prosperitv, 


1  The  author  is  indebted  to  the  article  on  the  '  Phvfical  Featiire.s  nt 
North  America,'  in  the  last  edition  of  Keith  Jnhn.'iton's  'Physical  Arias,'  hy 
Frof.  II.  D.  Rogers,  to  the  'Travels'  of  Sir  Charles  Lyell,  to  Palliser's  am! 
Waddiiigtou's  papers  in  tlie  'Transactions  of  tlie  Gengrajihical  Society,'  i<' 
Mr.  V.  Whymper's  '  Alaska,'  and  to  the  'Quarter!}'  Keview  '  for  January  1. 
1861,  for  tiie  greater  part  of  her  information  on  the  Phy.sical  Geograpliy 
and  Geology  of  that  portion  of  the  New  World. 
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witli  natiiml  advantages  not  surpassed  ia  any  country.  Nature, 
however,  still  maintains  lier  sway  in  some  parts,  especially  where 
pine  harreus  and  swamps  prevail.  The  territory  of  the  United 
States  covers  an  area  of  3,003,88-1  sq.  m.,  of  which  by  far  the 
greater  part  is  fertile,  and  capable  of  producing  everything  that 
is  useful  to  man.  The  climate  is  generally  healthy,  the  soil  abim- 
dant  in  mineral  treasures,  and  it  possesses  every  advantage  from 
navigable  rivers  and  excellent  harbours.  Anglo  tiaxon  civilisation 
is  now  hrmly  established  on  the  shores  of  the  Pacific,  and  the  tide 
of  white  men  is  continually  and  irresistibly  piessing  onwards  to  the 
ultimate  extinction  of  the,  original  proprietors  of  the  soil — a  melan- 
choly but  not  a  solitary  instance  of  the  rapid  extinction  of  a  whole 
race. 

§  8.  CJeolog-ical  JSTotice. — The  most  striking  feature  in  the 
geology  of  North  America  is  the  enormous  development  of  tlie 
Uevouian  and  Carboniferous  strata  to  the  E.,  and  the  still  more 
extensive  development  of  the  Cretaceous  and  Tertiary  formations 
to  the  W.    The  latter  stretch  from  the  S.  termination  of  the 
Appalachian  Hills  in  Georgia  and  Alabama,  W.  to  the  table-land  of 
Mexico ;  N.W.  to  the  E.  foot  of  the  Sierra  Nevada,  to  California, 
and  the  Cascade  chain  of  Oregon  ;  and  N.  by  the  broad  plain  of  the 
Missouri  to  an  undefined  limit  in  the  desert  steppes  that  lie  beyond 
that  river  and  E.  of  the  Rocky  Moimtains.    The  portions  of  this 
enormous  area  that  are  Tertiary  and  alluvial  are  l^lorida,  a  large 
tract  at  the  mouth  of  the  Mississippi,  and  the  whole  coast  of  the 
Gulf  of  Me.xico ;  and  to  the  VV.,  the  elevated  Salt  Desert  table- 
lands from  the  Gulf  of  California,  through  Utah,  to  their  farthest 
extremity.    The  peninsular  chain  of  California,  and  the  Sierra 
Nevada  rise  out  of  the^e  strata ;  but  the  Rocky  Mountains  rise 
through  the  Cretaceous  plain.    The  Californian  chain,  the  Sierra 
Nevada,  and  generally  the  coast  chains  are  Metamorphic,  the 
storehouse  of  mineral  riches.    The  gold  formation,  which  seems 
to  be  inexhaustible,  and  which  probably  extends  through  Alaska 
Territory,  has  given  rise  not  only  to  the  settlement  of  California, 
but  to  British  Columbia,  and  is  no  doubt  destined  in  the  course  of 
time  to  spread  indefinitely  over  the  rich  prairies  E.  of  the  Rocky 
Mountains.    These  Metamorphic  coast  chains  are  mixed  with 
Crystalline  granite  and  Volcanic  rocks  of  all  ages.    The  latter  are 
greatly  developed  at  the  N.  termination  of  the  Utah  desert,  and  all 
along  the  Pacific  coast.    The  plateau  of  Sonora  consists  of  Palae- 
ozoic with  Volcanic  and  Trappean  rocks,  and  occasionally  Crys- 
talline strata.   The  Rocky  Mountains  seem  to  have  the  same  struc- 
ture, -with  the  addition  of  extensive  tracts  of  Carboniferous  Lime- 
stone. 

The  geology  of  the  E.  part  of  the  continent  is  of  a  very 
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different  character.  Throughout  the  whole  of  the  United  States 
and  the  British  provinces  of  the  Atlantic  coast  and  the  Atlantic 
plain  westward  to  the  Missouri  River,  and  I'rom  the  end  of  ihe 
Appalachian  chain  in  the  Alabama-  and  the  River  Washita  in 
Northern  Texas  to  the  Territory  of  Hudson  Bay,  aa  area  equal  to 
half  the  breadth  of  the  continent  in  these  latitudes,  there  is  scarcely 
any  strata  of  later  formation  than  the  upper  Coal  measures.  The 
Devonian  and  Carboniferous  strata  prevail  from  the  great  lakes  to 
about  3G°  N.  lat.,  and  from  the  Atlantic  Slope  to  the  97th  meridian. 
They  are  enormously  developed  in  depth  as  well  as  in  extent,  for 
the  Devonian  and  Carboniferous  strata  tpgether  are  a  mile  and  a 
half  thick  in  the  State  of  New  York,  where  there  is  no  coal ;  but 
it  is  three  times  as  much  in  Pennsylvania,  and  the  quantity  of  coal 
in  the  United  States  is  sufficient  to  supply  the  whole  world  for  ages, 
and  in  many  places  lies  quite  on  the  surface.  The  Appalachian  cham 
consists  of  the  older  Palaeozoic  strata  to  the  W. ;  and  to  the  E. 
there  is  a  wide  belt  of  Metamorphic  rocks  combined  with  Crystal- 
line ;  and  along  the  Atlantic  coast  the  formations  are  Tertiary  and 
alluvial. 

Long  lines  and  patches  of  the  lower  Paloeozoic  rocks  are  found 
in  Vermont,  and  among  the  great  lakes ;  but  a  ^-ery  wide  and 
extensive  development  of  Crystalline  rocks  occupies  Vermont, 
Nova  Scotia,  where  gold  has  been  found,  but  more  especially 
Newfoundland,  and  extends  along  the  northern  side  of  the  Gulf 
of  St.  Lawrence,  occupies  Lower  and  Upper  Canada,  the  country 
of  Minnesota,  and  from  thence  stretches  to  the  N.  W.  in  a  very 
broad  belt  to  the  E.  of  Lake  Winnipeg.  A  great  deal  of  granite 
protrudes  through  this  formation,  especially  in  Newfoundland.  All 
the  most  northern  part  of  the  continent  is  of  Silurian  and  Cambrian 
strata. 

The  geological  outline  of  the  United  States,  Canada,  and 
the  country  round  the  Polar  Ocean,  though  highly  interesting  in 
itself,  becomes  infinitely  more  so  when  viewed  in  connexion  with 
that  of  Northern  and  Middle  Europe.  A  remarkable  analogy  exists 
in  the  structure  of  the  land  on  each  side  of  the  North  Atlantic 
basin.  The  extensive  formation  of  Crystalline  rocks  interspersed 
with  granite,  which  has  just  been  mentioned,  ranges  also  through 
Scandinavia,  Finland,  and  Lapland.  In  the  latter  countries,  and 
in  the  more  northern  parts  of  America,  Sir  Charles  Lyell  observed 
that  the  Fossiliferous  rocks  belong  either  to  the  most  ancient  or  to 
the  newest  formations  ;  to  the  Silurian  strata,  or  to  such  as  contain 
shells  of  recent  species  only,  no  intermediate  formation  appearing 
through  immense  regions.  Palfeozoic  strata  extend  for  2000  ni. 
in  the  middle  and  high  latitudes  of  North  America ;  they  occupy 
a  tract  nearly  as  great  between  the  most  westerly  headlands  of 


Chap.  XIII.  GEOLOGICAL  NOTICE.  143 


Norway  and  those  tliat  separate  the  "White  Sea  from  the  Polar 
Ocean.    Sir  Roderick  Murchisou  traced  them  through  Central  and 
Eastern   Europe,  and  the   Ural  Mountains,  even  to  Siberia ; 
Messrs.  Abich  and  Tchihatcheft"  through  the  Caucasus  and  Altai'. 
They  have  been  seea  by  Messrs  Pentland  and  D'Orbigny  to  con- 
stitute some  of  the  most  elevated  pinnacles  of  the  Bolivian  Andes ; 
and  Colonel  Strachey  has  discovered  them  at  a  great  elevation  in 
the  Himalayas,  where  they  form  the  summits  of  the  gigantic  Jum- 
notri,  and  include  fossils  analogous  to  ttose  found  in  the  Ural  and 
the  Andes.    Throughout  these  vast  regions,  both  in  America  and 
in  the  old  continent,  the  Silurian  strata  are  followed  in  ascending 
(  order  by  the  Devonian  and  Carboniferous  formations,  which  are  of 
!  such  enormous  extent  in  the  United  States,  and  which  reappear  in 
,  New  Brunswick  and  Newfoundland,  and  traces  of  them  may  be 
I  found  in  the  islands  of  the  Polar  Ocean,  on  the  E.  coast  of  Green- 
:  land,  and  even  in  Spitzbergen.    A  vast  Carboniferous  basin  exists 
:  in  Belgium  above  the  Silurian  strata ;  two  or  three  of  less  import- 
ance in  France  ;  and  a  great  portion  of  Britain  is  perfectly  similar 
,  in  structure  to  N'orth  America.    The  Silurian  rocks  in  many  in- 
stances are  the  same,  and  the  coal  fields  of  New  England  are  pre- 
1  cisely  similar  to  those  in  Wales,  3000  m.  off. 

In  all  the  more  northern  countries  that  have  been  mentioned, 
so  very  distant  from  one  another,  the  general  range  of  the  rocks  is 
from  N.E.  to  S.W. ;  and  in  Northern  Europe,  the  British  Isles, 
and  North  America,  great  lakes  are  formed  along  the  junction 
:  of  the  strata,  the  whole  analogy  aftbrding  a  proof  of  the  wide 
diffusion  of  the  same  geological  conditions  in  the  northern 
,  regions  at  a  very  remote  period.    At  a  later  time  those  erratic 
I  Wocks  which  are  now  scattered  over  the  higher  latitudes  of  both 
j  continents  were  most  likely  brought  from  the  N.  by  icebergs, 
while  the  land  was  still  covered  by  the  deep,  or  by  glacial  move- 
ment over  the  land.    Volcanic  agency  has  not  been  wanting  to 
(  complete  the  analogy.    The  Silurian  and  overlying  strata  have 
been  pierced  in  niunerous  places  by  Trappean  rocks  on  both  conti- 
.  nents,  and  tiiey  appear  also  in  the  islands  of  the  North  Atlantic 
I  and  Polar  Seas. 

§  9.  rossll  Mammalia — From  the  similar  nature  of  the 
coast,  and  the  identity  of  the  fossil  mammalia,  on  each  side  of 
Behring  Strait,  it  is  more  than  probable  that  the  two  continents 
were  united,  even  since  the  sea  was  inhabited  bv  the  existing 
species  of  animals.  Some  of  the  gigantic  quadrupeds  of  the  old 
continent  are  supposed  to  have  crossed  either  over  the  land  or  over 
the  ice  to  America,  to  have  wandered  S.  thvough  the  longitudinal 
I  valleys  of  the  Rocky  Mountains,  Mexico,  and  Central  America 
!   and  to  have  spread  over  the  large  plains  of  both  continents  even  to 
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their  iitmost  extremity.^  An  extinct  species  of  horse,  the  masto- 
don, allied  0  the  elephant,  three  gigantic  edentata  a^d  a  hZl 
horned  ruinnmtmg  anunal  roamed  over  the  prairies  of  North 

ants,  piobahly  even  since  the  existence  of  the  Indians.  The  skele- 
tons of  these  creatures  are  found  in  great  numbers  in  the  saline 
marshes  on  the  pmnes,  caUed  Licks,  which  are  still  the  resort  of 
tlie  existing  races.^ 

§  10.  Mean  Height  of  Contlaents.-The  average  hei-ht  of 
the  continents  above  the  level  of  the  sea  is  the  mean  between  the 
height  of  all  the  high  lands  and  all  the  low.    Humboldt,  bv  whom 
the  computation  was  effected,  found  that  the  table-lands  with  their 
slopes,  on  account  of  their  vast  extent  and  mass,  have  a  much 
greater  influence  upon  the  result  than  mountain  chains.  For 
example,  if  the  ranges  of  the  Pj-renees « were  pulverised,  and  strewed 
equally  over  the  whole  of  Europe,  they  would  only  raise  the  soil 
6  ft.;  the  Alps,  which  occupy  an  area  four  times  as  great  as  that 
on  which  the  Pyrenees  stand,  woidd  only  raise  it  22  ft  •  whereas 
the  compact  plateau  of  the  Spanish  Peninsula,  which 'has  only 
2298  ft.  of  mean  height,  would  elevate  the  soil  of  Europe  91  ft 
so  that  the  table-land  of  the  Spanish  Peninsula  would  produce  an 
effect  nearly  five  times  as  great  as  the  whole  system  of  the  Alps." 

A  great  extent  of  lowland  necessarily  compensates  for  the  hioh 
—at  least  it  diminishes  its  effect.  The  mean  elevation  of  Fran'ce 
is  1292  ft.,  while  the  mean  height  of  the  whole  Eui-opean  conti- 
nent, of  1,720,000  sq.  m.,  is  only  974  ft.* 

The  great  table-land  of  Eastern  Asia,  with  its  colossal  moun- 

1  Sir  John  Eichardson  on  tlie  Faima  of  the  High  Latitudes  of  North 
America. 

2  Lyell's  '  Travels  in  Xorth  America.' 

5  A  chain  of  mountains  is  assumed  to  be  a  three  sided  liorizontal  prism 
whose  height  is  the  mean  elevation  of  the  chain,  and  the  base  the  mean 
Ipngth  and  breadth  of  the  same,  or  the  area  on  which  the  chain  stands,  and 
thus  its  mass  may  be  computed  approximately.  It  is  evident  that  a  table- 
land must  have  a  greater  effect  on  the  mean  height  of  a  continent  than  a 
chain  of  mountains,  for,  supposing  both  to  be  of  the  same  base  and  altitude, 
one  would  be  exactly  double  the  other ;  and  even  if  the  mountains  be  the 
higher  of  tlie  two,  their  upper  part  contain  much  less  solid  matter  than 
their  lower  on  account  of  the  interva    and  deep  valleys  between  the  peaks. 

4  According  to  M.  Carpentier,  the  area  of  the  base  of  the  Pyrenees  is 
1720  sq.  m.  As  the  mean  elevation  of  the  Passes  gives  the  mean  height  of 
the  mountains.  Baron  Humboldt  estimated  from  the  height  of  23  Passes 
over  the  Pyrenees  that  the  mean  crest  of  that  chain  is  7990  ft.  high,  Avhich 
is  300  ft.  higher  than  the  mean  height  of  the  Alps,  though  the  peaks 
in  the  Alps  have  a  greater  elevation  than  those  of  the  Pyrenees  in  the 
ratio  of  1  la  to  I. 

5  'Geographical  Magazine,'  June  1,  1875,  p.  186. 
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tain  chains,  lias  a  mucli  less  effect  on  the  mean  height  of  Asia  than 
might  have  heen  expected  on  account  of  the  depression  round  the 
Caspian  Sea ;  and  still  more  from  the  very  low  level  and  the  enor- 
mous extent  of  Siheria  which  is  as  large  as  all  Europe.  The  in- 
tumescences in  these  vast  plains  are  insignificant  in  comparison 
with  their  vast  area,  for  Toholst  is  only  378  ft.  above  the  level  of 
the  sea ;  and  even  on  the  Upper  Angora,  at  a  point  nearer  the 
Indian  than  the  Arctic  Sea,  the  elevation  is  only  830  ft.,  and  the 
third  part  of  Asia  has  a  mean  height  of  only  255  ft.  The  effect 
of  the  Desert  of  Gobi  is  diminished  by  a  vast  hollow  2560  ft.  deep, 
the  dry  basin  of  an  ancient  sea  of  considerable  extent  near  Erga, 
so  that  this  great  desert  has  a  mean  height  of  but  4000  ft.,  and 
consequently  it  only  raises  the  general  level  of  the  Asiatic  continent 
128  ft.,  though  it  is  twice  as  large  as  Germany.  The  table-land 
of  Tibet,  the  mean  elevation  of  which  is  about  14,500  ft.,  together 
with  the  chains  of  the  Himalaya  and  Kuen-lun  which  enclose  it, 
only  produces  an  effect  of  440  ft.  On  the  whole,  the  mean  level 
of  Asia  above  the  sea  is  1150  ft.^ 

Notwithstanding  the  height  and  length  of  the  Andes,  their 
mass  has  little  effect  on  the  continent  of  South  America  on  account 
of  the  extent  of  the  eastern  plains,  which  are  one  third  larger  than. 
Europe.  Eor  if  these  mountains  were  reduced  to  powder  and 
strewn  equally  over  them,  it  would  not  raise  them  above  618  ft.  ; 
but  when  the  minor  mountain  systems  and  the  table-land  of  Brazil 
are  added  to  the  Andes,  the  mean  height  of  the  whole  of  South 
America  is  1130  ft.  North  America,  the  moimtain  chains  of 
which  are  far  inferior  to  those  in  the  southern  part  of  the  continent, 
has  its  mean  elevation  increased  by  the  table-land  of  Mexico,  so 
that  it  has  750  ft.  of  mean  height. 

The  mean  elevation  of  the  whole  of  the  New  AVorld  is  930  ft. 
above  the  level  of  the  sea,  and  that  of  the  continental  masses  of 
Europe  and  Asia  1010  ft.  Thus  it  appears  that  the  internal 
action  in  ancient  times  has  been  most  powerful  under  Asia,  some- 
what less  under  South  America,  considerably  less  imder  North 
America,  and  least  of  aU  under  Europe. 

With  respect  to  the  bed,  temperature,  an  d  distribution  of  the  fauna 
of  the  ocean,  it  is  only  recently  that  enough  has  been  accui-ately  as- 
certained to  waiTant  any  trustworthy  inferences.  Thanlis,  however, 


1  The  Russian  Academicians  MM.  Fuss  and  Bunge  found  by  barometrical 
measurement  the  mean  height  of  that  part  of  the  Eastern  Asiatic  table-land 
lying  between  Lake  Baikal  and  the  Great  Wall  of  China  to  be  only  about 
6960  ft.  The  smallness  of  this  mean  is  owing  to  hollows  in  the  table-land, 
especially  in  the  Desert  of  Gobi.  See  also  '  Mongolia '  by  Col  Preievalskv' 
vol.  i.  p.  16. 
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to  the  systematic  scientific  explorations  of  the  '  Liglitning,'  *  Por- 
cupine,' and  'Shearwater'  (in  1869,  1870,  and  1871),  and  of  tin; 
'Challenger'  (1872-1876),  our  knowledge  is  now  upon  a  totally 
different  footing.  During  her  cruise  the  '  Challenger '  crossed  the 
Atlantic  five  times,  establishing  along  her  course  of  upwards  of 
20,000  m.,  150  observing  stations.  She  traversed  the  Pacific  with 
a  course  of  20,000  m.  and  estahlislied  100  stations.  She  explorfid 
the  seas  about  Australia,  New  Zealand,  the  Malay  Archipelago, 
and  S.E.  China,  running  a  course  of  17,000  m.,  and  setting  up  Gf! 
observing  stations;  and  she  spent  nearly  a  month  among  tho 
southern  ice,  and  dipped  within  the  Antarctic  Circle  as  far  as, 
under  her  circumstances,  she  prudently  could.  Her  scientific  corps 
collected  data  which  show  that  the  vast  region  covered  by  sea  is 
to  a  certain  degi-ee  comparable  with  the  land ;  that  it  has  its  hills, 
valleys,  and  great  imdiilatiug  plains  ;  that  it  has  various  soils,  its 
own  climates,  and  its  peculiar  races  of  inhabitants,  which  depend, 
like  the  inhabitants  of  the  rest  of  the  world,  upon  the  conditions 
of  climate  and  on  the  nature  of  the  soil  for  their  distribution.  They 
found  reasons  for  inferring  that  the  mean  depth  of  the  ocean  is  pro- 
bably about  2500  fathoms :  and  they  obsei-ved  with  regard  to  the 
temperature  of  large  oceans,  that  it  gradually  falls  from  the  surface 
to  the  bottom;  that  45°  is  a  very  general  temperature  for  a  depth  of 
600  fathoms,  and  that  from  this  point  downwards  the  temperature 
slowly  but  gradually  descends  to  near  the  freezing  point,  or  some- 
times even  below  it ;  and  they  have  concluded  that,  as  a  rule,  the 
temper atm-e  at  the  bottom  of  the  sea  is  very  uniform  and  very  low. 
The  explorers  have  proved  by  observation  that  the  deep  sea  is  no 
barren  waste  of  waters,  but  that,  on  the  contavary,  a  fauna  very 
remarkably  constituted  and  comparatively  rich,  is  universally  dis- 
ti-ibuted,  even  to  the  greatest  depths.^ 


CHAPTER  XIV. 

ISLANDS  OE  THE  PACIFIC  KSH  XCTDIAK  OCEANS. 

§  1.  The  continent  of  Australia  being  nearly  destitute  of 
large  navigable  rivers,  it  was  concluded  that  no  very  high  land 
existed  in  its  interior,  even  before  it  had  been  explored.    The  I 
absolutely  unknown  districts  of  'the  country  are  now  small  wheu  I 
compared  with  the  vast  areas  which  have  been  to  a  greater  or  I 

1  See  Sir  C.  Wyville  Tliorason's  '  Address '  to  the  British  Association  at 
Glasgow,  September  11,  1876. 
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less  degree  completely  explored.  It  has  Ijeen  determined  that 
the  centi-al  regions  are  low,  and  that  much  of  the  drainage 
tinds  its  way  into  the  lakes  Eyre  and  Alexandria.  It  is  2400 
m.'from  E.  to  W,,  and  1971  from  N.  to  S.,  and  is  divided 
into  two  unequal  parts  hy  the  Tropic  of  Capricorn ;  and  eo  has 
both  a  temperate  and  a  tropical  climate.  New  Guinea,  separated 
from  Australia  hy  Torres  Strait,  and  traversed  by  the  same  chain 
of  mountains  with  Australia  and  Tasmania,  is  so  similar  in  its 
productions  that  it  may  be  regarded  as  a  detached  member  of  the 
adjacent  continent. 

The  coasts  of  Australia,  about  8000  m.  in  length,  are  indented 
by  large  bays,  and  by  harbours-  that  might  give  shelter  to  all 
j  the  navies  in  Em-ope.    The  most  distinguishing  feature  of  the 
I  E.  side,  which  is  occupied  by  the  British  colonies  of  Queensland 
•  and  New  South  Wales,  is  its  coast  system  of  mountains  which 
constitute  a  regular  cordillera  of  about  150  m.  broad,  extending 
from  the  S.  to  the  N.  1700  m.  in  length,  with  a  mean  elevation 
of  1500  ft.  above  the  sea.    The  distance  of  the  chain  from  the 
sea  in  New  South  Wales  is  from  50  to  100  m.,  but  at  the  82nd 
parallel  it  recedes  to  150  m.,  yet  soon  retimis,  and  forms  the  wild 
group  of  the  Ooricudgy  Peaks,  from  whence,  under  the  names  of 
the  Blue  Mountains  and  Australian  Alps,  its  highest  part,  it  pro- 
ceeds m  a  general  S.  and  S.W.  direction  to  the  land's  end 

Mount  Kosciusko  (7176  ft.),  the  loftiest  of  the  Australian 
lAlps,  is  so  situated  that  the  view  from  its  snowy  and  cra^^gy 
.tops  sweeps  over  an  area  of  7000  sq.  m.    The  rugged  and  sava-e 
character  of  these  mountains  far  exceeds  what  mio-ht  be  ex- 
:pected  from  their  height:  in  places,  it  is  true,  theiv  tops  are 
I  rounded  and  covered  with  forests;  but  by  far  the  greater  part  of 
.the  Cham,  though  wooded  along  the  flanks,  is  crowned  by  naked 
I  needles,  serrated  peaks,  and  flat  crests  of  granite  or  poTphyry 
I  mingled  with  patches  of  snow.    The  spurs  give  a  terrific  character 
to  these  mountains,  and  in  many  places  render  them  altogether 
inaccessible  both  in  New  South  Wales  and  Tasmania.  These 
5hoot  out  right  and  left  from  the  axis  of  the  main  range,  equal 
;o  It  m  height,  and  separated  from  it,  and  from  each  other,  by 
lark  and  ahnost  subteiTaneous  gullies,  iron  bound  by  impractic> 
ible  precipices,  with  streams  flowing  through  them  in  black 
nilent  eddies  or  foaming  ton-ents.     The  intricate  character  of 
.hese  ravines,  the  danger  of  descending  into  them,  and  the  difli- 
mlty  ot  gettmg  out  again,  for  a  long  time  rendered  this  mountain 
-ham,  m  New  South  Wales  at  least,  ahnost  an  impassable  barrier 
i  between  the  coa.st  country  and  the  interior,  i 


*  '  Memoirs  of  Count  Strzelccki.' 
I,  2 
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In  New  Soutli  Wales  tlie  couutry  slopes  westward  from  these 
monntaiBS  towards  a  flat,  low,  unbroken  plain.  _  On  tlie  E.,  dark 
yerdaBt,  round  topped  liiUs  and  ridges  are  promiscuously  gi'ouped 
loc^etlie  ,  leading  to  a  ric%  wooded  undulatnig  countiy  which 
ImluaU;  descends  to  the  coast  and  foi-ms  the  .aluaWe  lands  of  the 
BrTtish  colony.  Visited  by  Oook^  in  the  year  1770  it  was  not 
coloSsed  till  1788,  and  since  that  time  the  Australian  colonies 
rarSsen  with  imprecedented  ^^V^'j  ^'^^^^^^^^^^^ 

."vfi  407  428i. ;  the  ^H^«or^s  to  d5,7cJ»,^JO^.    xne  cwumco 
thek  own    aws,  and  the  principal  towns  have  their  hoiises  of 
reresertatives.    On  the  Austrahan  continent  there  are  5  colonies : 
repre^enxaxn  includes  the  whole  of  the  N.E. 

S  and  N  of'the  Murray  River;  and  "/^^VuSS! 
the  S.E.  corner,  S.  of  the  Miu-ray,  and  E.  of  141  E.  longitud^ 
South  A.istralia  e.hr.^^^^ 

SrilThaJpoion^c^^HoW 
long.    hut  only  ^^^^    W  of  ™ 

Sydney,  the  cap  al  good 
a  large  handsome  city^  "  .^s  the  luxuries  and  comforts  of 
^•chitectural  taste,  -f^^^^^e  t  sZe  oi  Port  Jackson,  and 
Eui-opean  society.  Melbourne,  the  capital  of 

V-%T"the  itest  and  mosf  important  cii^  of  Australia,  lies 

thrYl^a  l4ra,  -hich  flows  into  Hohson's  Bay,  the  most 
on  the  Yana  lana  .^^  navigable  for 

northern  arm  of  Port  Phiil^P,  ^^^^^^^^  ^337. 

small  7«^^^^,  .^i^\'7ooOOO,  so  rapidly  have  the  gold  fields 
present  population  ^  200  OW,  \andsome  public  buildings, 

attracted  emigrants.    It  co^^^'^."^""^  J  iniriortance    It  has  five  or 

and  its  botanic  f  ^^^^^^^^^^^^^^^  volumes, 

six  museums,  a  krge  publu.^1^^^^^^^^  P  ^^^^^^^ 
several  hospitals,  and  a  univem^^^^  p^^,^ 
byland  fron.Hobsons  Bay,  b^^  ^^^^.^^  p^^.^ 

is  WiUiams^own  on  Hob  on    ^  ^^.^^  ^^^^  ^^^^ 

fn;:orn:^^^  --^^^ 

1,  thP  .trait  which  is  named  after  him  in  1C06. 
1  Torres  sailed  ^'^'^''fJll'l^^M 
The  Dutch  ship  '  EBdraght,^  ^^her  Dutch  vessels  explored 
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prosperity  of  this  part  of  the  continent.  From  Spencer  Gulf,  wliicli 
has  thi-ee  excellent  harhom-s,  one  of  which  could  contain  the  whole 
British  navy,  that  river  has  heen  navigated  for  2650  m.,  and  it  is 
estimated  that  1150  m.  more  may  he  added  hy  the  improved  navi- 
gation of  three  of  its  trihutaries.  In  consequence  of  this  increased 
water  carriage  many  new  towns  have  heen  huilt.  There  is  much 
grass  land  in  this  district ;  and  if  artesian  wells  he  dug  in  the 
vast  salt  hush  countries  still  unoccupied,  a  prodigious  increase 
of  cattle  and  sheep  might  be  maintained.  This  internal  navi- 
gation extends  to  the  different  auriferous  districts  ;  and  as  1300  m. 
of  it  lies  within  the  territory  of  New  South  Wales,  it  unites  the 
traffic  and  mutual  interests  of  three  of  our  greatest  Australian 
colonies. 

In  the  southern  half  of  the  continent  the  mountain  and  hilly 
ranges  are  called  the  Dividinff  Range,  and  include  the  Aus- 
tralian Alps  in  the  E.,  the  Pyrenees,  and  Grampians  in  the 
W.— in  Victoria ;  the  Flinders  Range  in  South  Australia ;  and 
the  Darling  Range  in  Western  Australia.  Strong  W.,  generally 
S.W,,  or  sometimes  N.W.  winds  prevail  over  the  S.  part  of  the 
continent  diu-ing  the  greater  part  of  the  year,  and,  owing  to  pre- 
cipitation of  rain  from  these  up  to  30°  S.  lat.,  there  are  fertile 
tracts  on  the  seaward  sides  of  the  mountains  ;  hut  these  winds  in 
passing  over  the  mountain  tops  are  drained  of  their  moisture,  so 
that  on  their  inland  sides  harren  wastes  prevail.  W:  of  the 
Darling  Range,  which  is  from  3000  to  4000  ft.  high,  there  is  a 
grassy  and  wooded  country  which  is  comparatively  fertile. 

Extended  explorations  of  the  interior  of  Australia  produced 
results  which  were  somewhat  imexpected.  Sturt's  jom-ney  in 
1844  had  led  him  to  a  stony  desert  in  lat.  24°  S.,  long.  138°  E., 
and  that  of  Gregory,  from  the  N.W.,  to  a  sandy  desert  in  lat.  21°  S., 
long.  128°  E.  Jtlr.  Eyre's  adventurous  journey  along  the  shores  of 
the  great  Australian  Bight  in  the  S.  had  shovra  them  to  he  desti- 
tute of  fi-esh  water.  It  was  therefore  supposed  that  a  great  sandy 
desert  lay  in  the  interior.  But  explorations  of  the  N.  coast  showed 
that  many  rivers,  such  as  the  Albert,  Flinders,  Murchison,  Grey, 
Fitzroy,  Roper,  and  Victoria,  rose  on  the  edge  of  a  sandstone 
table-land,  and  that  this  ridge  also  gave  rise  to  streams  which 
flowed  towards  the  interior.  Early  efforts  to  cross  to  the  Gulf  of 
Carpentaria  had  resulted  in  the  discovery  of  Cooper's  Creek,  now 
called  the  Victoria  or  Barcoo  River,  a  stream  which  has  been 
traced  for  more  than  600  m.,  and  which  has  a  S.W.  course  towards 
the  interior  of  the  continent;  and  a  supposition  arose  that  the 
rivers  draining  the  inner  edge  of  the  table-land  flowed  towards  a 
great  interior  lake — a  theory  which  was  even  older  than  that  of 
the  desert. 
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The  first  complete  traverse  of  the  continent  was  made  by 
Biu-ke  and  Wills  who,  in  1860-61,  crossed  nearly  in  the  meii- 
dian  of  142°  E.,  finding  creeks,  grassy  plains,  and  but  a  small 
extent  of  stony  desert.    Unfortunately,  on  their  return  south- 
wards, their  provisions  ran  short,  they  missed  the  party  sent  to 
their  relief,  and  died  of  starvation  on  Cooper's  Creek,  their 
journals,  however,  being  preserved  by  King,  one  of  the  party 
who  was  found  when  in  the  last  stage  of  exhaustion.    Mr.  Stuart 
made  several  journeys  northward  from  Adelaide,  during  one  of 
which  he  discovered  Central  Mount  Stuart,  and  found  hiUs,  grassy 
flats  fit  for  sheep  farms,  and  water  either  in  creeks  or  easily  to  be 
obtained  by  digging.  The  eastern  half  of  what  was  considered  the 
central  desert  has  been  crossed  three  times  by  Stuart,  and  over  the 
route  by  which  he  travelled  a  telegraph  line  has  now  been  carried, 
and  a  connexion  established  between  S.  Australia  and  the  mother 
country ;  also  by  Walker  and  Landsborough :  and  JM'Kinlay  passed 
from  S.  Australia  by  way  of  Carpentaria  to  Queensland  driving  a 
flock  of  sheep  before  him.  M'Intyre  and  others  have  also  traversed 
the  continent ;  in  fact,  it  has  become  quite  common  to  cross  from 
the  Parroo  to  Carpentaria.    In  1874  an  expedition  imder  Colonel 
Egerton  Warburton,  which,  leaving  the  telegraph  line  1120  m. 
N?  of  Adelaide  city,  succeeded  in  reaching  Roebourne  on  tbe  sea 
coast ;  while  during  the  present  year  (1876)  another  under  m. 
Giles  has  crossed  the  desert  in  the  opposite  direction,  having  gone 
from  the  117th  meridian  eastward  to  the  telegraph  line:  and 
overland  routes  have  been  foimd  possible,  though  hardly  con- 
venient for  ti-affic,  between  aU  the  widely  separated  Aiistrafian 

colonies.  t  i  rr 

It  is  found  that  no  great  horseshoe  lake,  such  as  Lake  ion-ens 
was  imagined  to  be,  exists.  In  its  place  there  is  a  group  of  lakes, 
Eyre,  Gregory,  Torrens,  Frome,  &c.  The  basin  of  Lake  Eyre  is 
only  70  ft.  above  the  sea  level. 

The  watershed  of  the  northern  part  of  the  continent  is  on  the 
edo-e  of  a  sandstone  plateau  which  rims  from  E.  to  W.,  and  is 
found  between  19°  and  22°  S.  lat.  In  the  W.  this  edge  has  an 
altitude  of  800,  and  in  the  E.  of  1900  to  2000  ft.  above  the  sea. 
On  the  coast  side  the  table-land  is  abrupt,  and  cleft  with  many 
beautiful  valleys.  Basalt  and  other  igneous  rocks  are  sometimes 
found  protruding  through  the  sandstone,  and  where  this  is  the 
case  the  soil  is  of  great  fertility.  To  the  N.  of  the  plateau  are 
lon<^  grassy  flats,  sometimes  wooded;  and  succeeding  these  there 
are°frequently  mangrove  swamps,  where  the  rivers  reach  the 
sea  The  table-land  itself  is  rather  bare,  and  the  great  S.^^  . 
slope,  between  135°  and  145°  E.,  abounds  in  dividing  ridges 
of  sandstone,  which,  when  broken  up,  present  a  desert-hke 
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appearance,  thougli  Yeiy  often  good  grass,  fine  soil,  and  gum 
forest  are  found.  The  rivers  which  nm  N.  from  the  plateau  flow  m 
well  defined  beds;  hut  those  that  flow  southward  have  shaUow 
beds,  and  are  subject  to  both  excessive  inundation  and  evapo- 
ration at  diflerent  times  of  the  year.  The  watercourses  of  the 
interior  drain  to  the  Barcoo.  Some  break  up  into  imium_era,ble 
creeks  and  rills  without  definite  direction.  Bourke  Creek,  m  iat. 
25°  S  lono-  140°  E.,  often  causes  immense  mundations.  Ine 
stony  deserts,  where  they  occiu,  seem  to  be  the  result  of  inim- 
dations,  whose  waters,  when  dried  by  rapid  evaporation,  leave  the 

ground  bare.  . 

While  the  sim  is  N.  of  the  equator,  in  the  winter  of  the  southern 
hemisphere,  the  winds  are  from  the  S.E.  all  over  the  N.  part 
of  the  continent,  with  little  and  only  occasional  ram.  These  winds 
are  the  regular  '  trades.'  But  in  October  and  November,  the  wind 
chan-^es  to  the  N.W.  monsoon  and  brings  with  it  rain.  The  mon- 
soon Shifts  back  to  the  S.E.  in  April.  In  January,  February, 
and  March  the  heavy  falls  of  rain  and  the  soaked  state  of  the 
soil  give  rise  to  the  inundations  in  the  neighbourhood  of  Bourke's 

One  of  the  results  of  Gregory's  very  interesting  expedition^ 
in  North  Australia  is  the  discovery  of  a  table-land  of  sandstone  ot 
no  great  elevation  that  runs  along  the  northern  coast  from  0am- 
brido-e  Gulf  to  the  Gulf  of  Carpentaria,  where  it  sinks  down,  its 
hic^hest  part  being  S.  of  Port  Essington.  This  is  part  of  the  ring 
of^higher  land  which  forms  the  circumference  of  the  Australian 
interior.  It  is  traversed  by  the  Kivers  Adelaide,  Koper,  and 
Alligator ;  and  the  Kiver  Victoria  extends  to  a  considerable  dis- 
tance into  the  interior,  and  runs  through  a  fertile  region  of  more 
than  3,000,000  acres  of  the  finest  pasture  land,  which  may  in 
future  become  a  fiom-ishing  British  colony.  The  land  at  the  Gulf 
of  Carpentaria  is  fit  for  the  cultivation  of  cotton  and  other  tropical 
productions.  Burketown  has  been  founded  at  the  bottom  of  the 
gnlf ;  and  an  establishment  on  Sweer's  Island  has  been  commenced. 
The  energy  of  the  Australians  does  honour  to  the  Anglo  Saxon 
race  in  the  perilous  and  disinterested  journeys  of  discovery  they 
have  made  under  the  greatest  privation  and  difliculty. 

However  unpropitious  the  centre  of  the  continent  may  be.  there 
is  abimdance  of  fine  country  inland  from  the  coast.  All  tropical 
productions  might  be  raised,  and  in  so  large  a  continent  there  must 
be  extensive  tracts  of  arable  land,  though  its  peculiar  character  is 
pastoral.  N.  of  Sydney,  and  in  Queensland  up  to  16°  S.  Iat.,  both 
cotton  and  silk  are  produced,  as  well  as  wines  of  excellent  quality ; 
and  the  higher  land  parallel  to  the  coast  is  occupied  by  sheep  and 
cattle  farmers  nearly  to  the  Gulf  of  Carpentaria.    There  are  large 
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forests  on  the  mountains  and  elsewhere,  yet  that  moisture  is 
wanting  which  clothes  other  countries  in  the  same  latitudes  with 
rank  vegetation.  In  the  colonies  the  clearing  of  a  great  extent  of 
land  has  modified  in  some  degree  the  mean  annual  temperature  so 
that  the  climate  has  become  hotter  and  drier,  and  not  thereby 
improved. 

§  2.  The  Island  of  Tasmania,  or  Van  Dlemen's  Xiand. 

— Tasmania,  of  triangular  form,  has  an  area  of  26,215  sq.  m.,  and 
is  very  mountainous.  No  country  has  a  greater  proportion  of  deep, 
commodious  harboiu'S,  which  occur  in  the  N.,  S.E.,  and  S.  coasts  ; 
and  as  most  of  the  rivers,  though  not  navigable  to  any  distance, 
end  in  arms  of  the  sea,  they  afford  secure  anchorage  for  ships  of 
any  size.  The  mountain  chain  that  traverses  Tasmania  in  the 
form  of  the  letter  Z,  separates  it  into  two  nearly  equal  parts,  vtdth 
a  mean  height  of  3750  ft.,  and  at  an  average  distance  of  40  m. 
from  the  sea.  It  encloses  the  basins  of  the  Uerwent  and  Huon 
Rivers,  and,  after  sending  a  branch  between  them  to  Hobai-t  Town, 
ends  at  South  Oape.  Its  highest  point  is  Ben  Lomond  (5010  ft.), 
in  the  N.E.  The  moimtains  of  the  W.  consist  of  an  elevated 
table-land,  having  a  mean  height  of  3000  ft.,  midway  between  the 
N.  and  S.  of  the  island,  and  sending  off  ranges  on  its  W.  side  in 
various  dii-ections.  The  plateau  embraces  many  peaks,  the  highest 
of  which,  Mount  Humboldt  (5520  ft.),  is  in  the  S.W.  The  offsets 
which  shoot  out  in  all  directions  are  as  savage  and  full  of  impassable 
chasms  as  the  range  itself.  Frightful  precipices  occm-.  One  in 
Ben  Lomond  has  a  perpendicular  depth  of  3000  ft.  There  are 
cultivable  plains  and  valleys  along  the  numerous  rivers  and  large 
lakes  by  which  the  country  is  well  watered;  so  that  Tasmania 
is  more  agricultural  and  fertile  than  the  adjacent  continent,  but 
its  climate  is  wet  and  cold.  The  uncleared  soil  of  both  countries, 
however,  is  far  inferior  to  that  in  the  greater  part  of  North  or 
South  Ajn erica.  ^ 

§  3.  Geology  of  Australia. — Granite  constitutes  the  entire 
base  of  the  western  portion  of  New  South  Wales,  and  extends  far 
into  the  interior  of  the  continent,  bearing  a  striMug  resemblance 
in  character  to  a  similar  portion  of  the  Altai  chain  described  by 
Baron  Hamboldt.  The  central  axis  of  the  mountain  range,  in  New 
South  Wales  and  in  Tasmania,  is  of  granite,  syenite,  and  quartz 
rock  ;  but  in  early  times  there  had  been  great  invasions  of  volcanic 
substances,  as  many  parts  of  the  main  chain,  and  most  of  its  offsets, 
are  of  the  older  Plutonic  rocks.  The  fossiliferous  strata  of  the  two 
colonies  are  mostly  of  the  Palteozoic  period,  but  their  fossil  fauna 
is  poor  as  regards  the  number  of  species.    Some  are  identical  with, 


1  Count  Strzelecki. 
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and  others  are  representatives  of,  those  of  other  countries,  even  of 
England.  There  is  an  unhroken  range  of  sandstone  cliff  from  200 
to  500  ft.  high  of  horizontal  tertiary  strata,  which  stretches  from 
Southern  Australia  to  Western  Australia  without  a  single  valley 
or  watercoui-se.  As  the  flat  country,  wherever  it  has  heen 
traversed,  is  of  the  same  structm-e,  it  is  presumed  that  the  low 
country  throughout  the  interior  of  the  Australian  continent  con- 
sists of  horizontal  tertiary  heds,  which  are  all  more  or  less  porous ; 
the  limestone  strata  are  tolerahly  thin  and  interstratified  with 
"beds  of  sand.  It  appears,  from  the  flora  of  the  coal  formation  of 
these  counti-ies,  that  the  vegetation  was  as  distinct  fi-om  that  of 
the  northern  hemisphere  at  the  Carboniferous  period  as  it  is  at  the 
present  day. 

The  richness  of  the  gold  alluvium  at  the  foot  of  the  Australian 
Alps  has  changed  the  character  of  New  South^ Wales  from  that  of 
a  thinly  peopled  pastoral  country  to  one  of  the  most  rising  and 
floiu'ishing  colonies  that  has  sprung  from  the  Anglo  Saxon  race. 
As  early  as  1844  Sir  E.  Miu'chison  predicted  that  Australia,  from 
the  similarity  in  direction  of  its  moimtain  chains,  and  of  its  rocks, 
with  those  of  the  Ural,  then  recently  explored  by  him,  would 
become  one  day  a  gold  producing  country,  but  no  one  could  have 
foreseen  its  excessive  richness.  Both  the  chains  in  question,  in 
those  parts  where  gold  is  found,  consist  of  metamorphic  strata,  of 
schist,  sandstones,  and  limestones  of  the  Palaeozoic  age,  traversed 
by  igneous  rocks.  But  they  difier  in  this  respect,  that  while  in 
the  Ural  the  gold  only  exists  on  the  eastern  or  Siberian  side,  in 
the  Australian  Alps  it  is  on  the  western.  Specimens  were  occa- 
sionally brought  to  Sydney  by  shepherds  and  laboiuing  men,  and 
as  soon  as  it  was  known  that  gold  was  to  be  found  in  large 
quantities  mixltitudes  flocked  to  Australia  from  every  quarter ;  and 
to  such  an  extent  had  the  search  been  carried  that,  in  the  year 
1852,  the  province  of  Victoria  yielded  gold  to  the  value  of 
8,375,128Z.  In  addition  to  this,  in  the  same  year,  New  South 
Wales  retm-ned  the  amount  of  2,212,534Z.,  making  in  all  in  one 
year  from  Australia  10,587,662^.  sterling.  In  1856,  gold  to  the 
value  of  12,633,1 38Z.  was  found.  The  annual  value  of  the  gold 
exported  by  Australia,  on  the  average  of  fifteen  years,  has  been 
10,000,000/.^  During  the  early  years  of  the  discovery,  the  greater 
part  was  from  the  alluvial  deposits  on  the  earth's  surface ;  but 
Australian  gold,  in  futm'e,  wiU  be  chiefly  obtained  from  the  quartz 
formations  in  the  mountain  ranges,  or  in  those  which  have  to  be 


'  The  quantity  of  gold  brouglit  from  California  during  the  year  1857 
amounted  to  14,000,000/.  sterling. 
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reached  at  great  depths  underground  "by  mining  operations  and  the 
sinking  of  shafts. 

The  principal  gold  fields  in  Victoria  are  the  Ballarat  district, 
W.  of  Melbourne ;  the  Beechworth  district,  in  the  valley  of  the 
Ovens;  the  Sandhm-st,  or  Bendigo  district,  N.  of  Mount  Alex- 
ander; the  Maryborough  district,  between  the  Avoca  and  the 
Lodden ;  the  Oastlemaine  district,  around  Mount  Alexander  in 
the  valley  of  the  Oampaspe  ;  and  the  Ararat  district,  round  Mount 
Ai-arat  in  the  Pyrenees,  N.W.  of  Ballarat. 

Except  at  Ballarat,  the  gold  now  obtained  is  chiefly  got  by 
crushing  the  rock  in  which  it  is  contained.  The  Eev.  W.  B. 
Clarke,  an  excellent  geologist,  pointed  out  the  gold  fields  of  the 
Snowy  River,  which  descends  to  the  S.  from  the  high  Alps  at 
Moimt  Kosciusko,  and  he  now  has  shown  that  a  gold  bearing 
coimtry  exists  in  QiTeensland,  which  is  probably  not  less  than  900 
m.  in  length  from  S.E.  to  N.W.  The  Cape  River  gold  field,  about 
200  m.  inland  from  the  seaport  town  of  Bowen,  is  worked  by  a 
considerable  number  of  miners. 

§  4.  Islands. — Though  the  innumerable  islands  that  are 
scattered  through  the  ocean  and  seas  difi'er  much  in  size,  form,  and 
.  character,  they  have  been  grouped  by  M.  von  Buch  into  the  two  dis- 
tinct classes  of  Continental,  or  those  which  are  closely  associated  with 
the  continent ;  and  Pelagic  islands,  or  those  which  appertain  wholly 
to  the  sea  (Gr.  ireXayos),  and  most  of  which  are  either  of  volcanic 
or  coral  formation. 

Continental  islands  are  long  in  proportion  to  their  breadtli,  and 
follow  each  other  in  succession  along  the  margin  of  the  continents, 
as  if  they  had  been  formed  dui-mg  the  elevation  of  the  mainland, 
or  had  subsequentlv  been  separated  from  it  by  the  action  of  the 
sea,  and  still  mark  its  ancient  boundary.  These  islands,  which 
follow  one  another  in  their  elongated  dimensions,  generally  riui 
parallel  to  the  maritime  chains  of  mountains,  and  are  mostly  of 
the  same  structure,  so  that  they  suggest  the  idea  of  a  submarine 
portion  of  the  maritime  range  that  has  not  yet  completely  emerged 
from  the  deep— or,  if  having  sunk  down,  has  not  yet  disappeared 

below  the  waves.  „,.■,.-,   j.  •  i    a  n„ 

America  otfers  numerous  examples  of  this  kind  ol  island,  un 
the  N  W  coast  there  is  a  long  chain  of  them,  beginning  with  the 
New  Norfolk  group  and  ending  with  Vancouver  Island,  aU  similar 
and  parallel  to  the  maritime  chain.  Another  range  of  contmeutal 
islands  occurs  at  the  southern  extremity  of  America,  extending 
from  Ohiloe  to  Oape  Horn,  evidently  an  extenor  range  of  the 
Patagonian  Andes,  and  the  S.  prolongation  of  the_  gijmitic  or 
coast  chain  of  Chile  ;  in  the  Gulf  of  Mexico,  the  ancient  margin 
of  the  mainland  is  marked  by  the  curved  group  of  Porto  Bico, 
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Sau  Domingo,  Jamaica,  and  Cuba,  wMcli  nearly  joins  the  penin- 
sula of  Yucatan.  The  various  islands  along  the  American  coast 
of  the  Polar  Ocean  are  probahly  the  shattered  fragments  of  the 
continent. 

The  old  continent  also  affords  innumerable  examples  ;  along  the 
whole  coast  of  Norway,  from  North  Cape  southwards,  there  is  a 
continuous  chain,  of  rocky  islands  similar  and  parallel  to  the  great 
range  of  the  Scandinavian  Alps ;  Great  Britain  itself,  with  the 
Hebrides,  Orkney,  and  Shetland  Islands,  ai-e  remarkable  instances 
of  continental  islands.  It  would  be  superfluous  to  mention  the 
various  instances  which  occur  in  the  Mediterranean,  where  many 
of  the  islands  are  merely  the  prolongations  of  the  moimtain  chains 
of  the  mainland  rising  above  the  sea,  as  Corsica,  and  Sardinia, 
which  are  an  offset  from  the  Maritime  Alps. 

The  great  central  chain  of  Madagascar  and  its  elongated  form, 
parallel  to  the  moimtains  and  S.E.  margin  of  the  great  African 
table-land,  show  that  the  island  once  formed  part  of  the  continent. 
Asia  also  abounds  in  similar  instances,  as  Sumatra,  Java,  and 
the  Moluccas ;  and  another  vast  chain  extends  along  the  western 
coast  from  Formosa  to  Kamtschatka. 

Pdaffic  islands  have  risen  from  the  bed  of  the  ocean,  indepen- 
dently of  the  continents,  and  generally  far  from  land.  They  are 
mostly  volcanic,  altogether  or  in  part ;  often  very  lofty ;  some- 
times single,  and  frequently  grouped  together;  and  each  group 
has,  or  formerly  had,  a  centre  of  volcanic  action  in  one  or  more  of 
the  islands,  round  which  the  others  have  been  formed.  Many  have 
craters  of  elevation ;  that  is  to  say,  they  have  been  raised  up  in 
great  hoUow  domes  by  the  internal  elastic  vapom-s,  and  have  either 
remained  so,  have  become  rent  at  the  surface  into  gigantic  fissures, 
or  have  coUapaed  into  hollow  cups,  when  the  pressure  from  below 
was  removed  :  ^  a  considerable  number  have  active  vents. 

The  small  islands  and  groups  scattered  at  enormous  distances 
from  one  another  within  the  Antarctic  Circle  are  all  of  volcanic 
formation,  though  none  are  active.  In  the  Atlantic,  Tristan  da 
Ounha,  St.  Helena,  Ascension,  and  Madeira  are  volcanic,  though 
not  now  actively  so ;  whereas  the  Cape  de  Verds,  Canaries,  and 
Azores  have  each  burning  volcanic  vents :  ^  the  peak  of  Teyde 
(12,182  ft.)  in  Teneriffo  is  one  of  the  most  magnificent  volcanic 
cones  in  the  world. 

1  M.  von  Buch. 

2  These  last  two  groups  of  islands  have  been  admirably  illustrated,  since 
the  publication  of  the  first  edition  of  this  work,  by  the  beautiful  charts  of 
Captains  Arlett  and  Vidal,  published  by  the  Admiralty  under  the  late  Sir 
Francis  Beaufort's  direction.  They  are  equally  interesting  to  the  geologist 
and  to  the  navigator. 
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The  labyrintli  of  islands  scattered  oTer  tlae  Pacific  Ocean  for 
more  tlian  30  degrees  on  each  side  of  the  equator,  and  from  the 
130th  meridian  E.  to  Sumatra,  which  all  but  unites  this  enormous 
archipelago  to  the  continent  of  Asia,  has  the  group  of  New  Zealand 
and  the  continent  of  Australia,  with  its  appendage,  Tasmania,  on 
the  S.,  and  altogether  forms  a  region  which,  fi-om  the  imstahle 
nature  of  the  sm-face  of  the  earth,  is  partly  the  wreck  of  a  con- 
tinent^ that  has  been  engulfed  by  the  ocean,  and  partly  the 
summits  of  a  new  one  rising  above  the  waves.  This  extensive 
portion  of  the  globe  is  in  many  parts  terra  incognita  with 
regard  to  the  interior  of  the  islands,  but  is  becoming  everj^  day 
less  so. 

§  5.  iTew  Zealand,  which  is  divided  into  three  islands, 
North,  South  (Middle),  and  Stewart's  Island,  by  rocky  and  dan- 
gerous channels,  is  superior  to  Australia  in  richness  of  soil,  fertility, 
and  beauty;  it  abounds  in  a  variety  of  vegetable  and  mineral 
productions.  High  mountains,  of  volcanic  origin,  run  through  the 
islands  which  in  the  most  northerly  rise  to  9195  ft.  above  the 
stormy  ocean  around,  two  thirds  of  their  height  buried  in  per- 
manent snow  and  glaciers,  exhibiting  on  the  grandest  scale  all  the 
Alpine  characters,  with  the  addition  of  active  volcanoes  on  the  E. 
and  W.  coasts :  that  of  Tongariro  pours  fourth  deluges  of  boiling 
water,  which  deposite  vast  quantities  of  siliceous  sinter  like  the 
Geysers  in  Iceland ;  and  such  is  the  vitality  of  the  vegetation  that 
plants  gi'ow  richly  on  the  banks  and  even  in  water  too  hot  to  be 
endured.  Broad  and  lofty  mountains  occupy  the  centre  of  North 
Island  and  send  off  densely  wooded  spurs  to  the  sea  coast. 
The  island  consists  of  a  main  body  which  sends  off  four  great 
peninsulas,  the  most  northerly  of  which  is  nearly  cut  through 
by  Ham-aki  Gulf  on  the  E.  and  Manakau  Harboui'  on  the  W., 
on  the  narrow  isthmus  between  which  stands  Auckland.  S.  of 
Tongariro  is  Ruapehu  (9195  ft.),  the  highest  sumanit  in  the  central 
range.  Moimt  Egmont  (8270  ft.)  near  the  S.W.  comer  of  the 
island  is  an  extinct  volcano  whose  simimit  is  covered  with  snow, 
and  whose  flanks  are  clothed  with  magnificent  forests.  The 
scenery  is  of  extraordinary  grandeur  and  beauty.  Many  of  the 
streams  rise  in  lakes.  The  largest  lake  is  Taupo,  200  sq.  m.  in 
area,  which  gives  rise  to  the  Wailrato  River. 

South,  formerly  Middle,  Island,  has  the  form  of  a  parallelogram, 
broken  by  the  great  projection  of  Banks'  Peninsula  on  the  E.  coast. 
It  is  traversed  by  a  chain  of  mountains  which  runs  much  nearer  to 
the  W.  than  the  E.  coast,  and  which  in  the  province  of  Canter- 
bury reaches  its  greatest  altitude  in  a  range  named  the  Southern 
Alps.  Here  Mount  Cook  towers  '  like  a  large  white  tent '  to  a 
height  of  13,200  ft,,  presenting  a  spectacle  of  great  magnificence. 
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Mount  Tyndall  is  over  11,000  ft.  higli ;  and  the  average  height 
of  this  portion  of  the  chain  is  more  than  10,000  ft.  Farther  to  the 
S.,  in  Otago  and  Southland,  the  mountains  rise  from  4000  to 
9000  ft. ;  and,  as  the  snow  line  is  at  the  height  of  8000  ft.,  many 
of  these  summits  are  covered  with  perpetual  snow.  The  glaciers 
of  the  Southern  Alps  are  very  grand ;  they  descend  in  some  in- 
stances to  ahout  3000  ft.  above  the  sea  level.  The  Tasman 
Glacier,  from  Moimt  Coolr,  has  a  length  of  18  m. ;  and  at  its 
terminal  face  (2772  ft.  above  the  sea)  its  breadth  is  If  m. 
There  are  many  others  of  great  extent ;  on  the  slopes  of  Moimt 
Forbes  are  situated  large  glaciers  which,  after  the  melting  of  the 
snow  or  heavy  rains,  send  down  two  waterfalls  800  ft.  high.  A 
series  of  lakes  of  glacial  origin,  and  many  of  them  of  considerable 
extent,  are  foimd  on  the  E.  slopes  of  the  mountains.  The  largest  of 
these  are  Lakes  Te  Anau  and  Wakatipu,  and  the  most  picturesque, 
Lake  Pukaki.  The  steep  slopes  are  on  the  W.  side ;  on  the  E. 
large  laterial  chains  almost  as  high  as  the  mala  chain,  nm  N.  and 
S.  The  valleys  are  covered  with  dense  forests,  and  the  moimtain 
sides  with  Alpine  and  sub-Alpine  vegetation.  Five  Passes  between 
the  E.  and  W.  coasts  have  been  explored,  the  lowest  being  the 
Haast  Pass,  1716  ft.  in  elevation.  The  routes  by  Arthur  Pass 
(3038  ft.)  and  the  Harper  Pass  (3008  ft.)  are,  however,  most 
Hkely  to  be  preferred  as  they  are  shorter  than  that  by  the  Haast 
Pass,  are  not  often  obstructed  by  snow,  and  not  subject  to  ava- 
lanches. On  the  S.W.  coast  are  a  number  of  fjord-like  openings. 
The  aspect  of  the  coast  from  Dusky  Bay  to  Milford  Sound  is  gloomy 
and  forbidding  in  the  extreme,  with  steep  black  moimtains  rising 
abruptly  from  the  water's  edge. 

New  Zealand  has  some  fine  harhours  which  are  chiefly  found 
on  the  E.  coasts  of  the  islands.  It  has  much  good  land,  and  the 
grains,  fruits,  and  timber  trees  of  England  flourish.  Ferns  and 
coniferse  abound.  The  kauri,  or  yellow  pine,  is  found  in  the  N.W. 
of  North  Island ;  the  red,  black,  and  white  pines,  the  ironwood,  the 
red,  black,  and  white  beeches,  are  among  the  native  timber  trees. 
Gold  is  worked  in  Auckland,  Nelson,  and  Otttgo  Provinces,  and 
also  on  the  W.  coast  of  Canterbury  Province,  at  Holdtiki,  the 
yield  in  Otago  almost  rivalling  that  of  the  Australian  gold  fields. 
Iron  is  widely  distributed  ;  the  beach  of  Taranald  (in  North  Island) 
is  for  miles  formed  of  fine  iron  sand,  which  smelts  into  a  metal 
equal  to  the  best  Stafi"ordshire  iron.  The  climate  is  varied,  but 
has^  a  greater  annual  rainfall  than  that  of  Great  Britain,  to  which 
it  is  sometimes  compared.  The  direction  of  the  great  mountain 
chain  being  athwart  that  of  the  almost  constant  winds  from  the 
Pacific,  their  influence  on  the  climate  is  great.  They  break  the 
force  of  the  wind,  and  condense  the  moisture,  which  takes  the  form 
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of  snow  on  tlie  high  summits.  Earthquakes  are  common  on  both 
sides  of  Cook's  Straits. 

New  Zealand  is  divided  into  eight  provinces  and  one  county  

viz.,  Auckland,  Taranaki,  Wellington,  and  ITaAvke's  Bay  in  the 
North  Island  ;  and  Nelson,  Marlborough,  Canterbury,  Otago,  and 
the  county  of  Westland  in  South  Island.  The  much  smaller 
Stevs^art's  Island  is  uninhabited,  and  many  think  uninhabitable, 
it  has,  however,  several  safe  harboiu-s. 

A  very  different  scene  from  the  stormy  seas  of  New  Zealand 
presents  itself  to  the  N.  of  Austi-alia.  There,  Advified  by  the  glow- 
ing sun  of  the  equator,  the  islands  of  the  Indian  Archipelago  are 
of  matchless  beauty,  crowned  by  lofty  mountains,  loaded  with 
aromatic  verdure,  that  shelve  to  the  shore  or  dip  into  a  transparent 
glassy  sea.  Their  coasts  are  cut  by  deep  inlets,  and  watered  by 
the  purest  streams  which  descend  in  cascades,  rushing  through 
wild  crevices.  The  whole  are  so  densely  covered  with  palms  and 
other  forms  of  tropical  vegetation  that  they  seem  to  realise  a  ter- 
restrial paradise. 

§  6.  irew  Guinea  and  the  iVru  Islands. — Papua  or  Wew 
Guinea,  the  largest  island  in  the  Pacific  after  Australia  and 
Borneo,  is  nearly  1500  m.  long,  from  N.W.  to  S.E.,  and  450  broad 
in  its  widest  part,  with  ridge  rising  above  ridge,  tiU  they  culmi- 
nate in  Peak  Owen  Stanley  (13,205  ft.).  Very  little  is  as  yet 
known  about  the  interior  of  the  island  except  that  it  is  fertile, 
covered  with  luxuriant  vegetation,  and  produces  yams,  sago, 
bananas,  cocoa  nuts,  bread  fruit,  and  large  quantities  of  valuable 
timber.  Storms  are  frequent ;  rain  falls  in  torrents  ;  earthquakes 
are  rare  and  never  violent.  Great  additions  have  been  made  to 
the  knowledge  of  this  island  during  the  last  few  years  by  Mr, 
AVallace,  Dr.  Beccari,  Captain  Moresby,  Mr.  Stone,  and  others. 
Captain  Moresby  has  surveyed  its  S.E.  extremity  and  discovered' a 
safe  ship  channel  through  the  Louisiade  reefs,  opening  up  a  good 
commercial  route  between  Australia  and  China.  He  has  added  to 
the  chart  above  140  islands  and  islets,  and  has  found  many  good 
harbours  and  safe  anchorages.^ 

The  Aru  Islands,  though  low,  have  an  undulating  siurface  cut 
here  and  there  into  deep  ravines.  The  rock  everywhere  is  coral- 
line limestone,  from  the  cliffs  of  which  the  edible  birds'  nests  of 
Aru  are  taken. 

The  forests  are  inhabited  by  birds  of  paradise  and  a  great 


1  See  'Discoveries  and  Surveys  in  New  Guinea,'  &c.,  by  Captain  John 
Moresby,  K.N.,  and  Professor  Giglioli's  letters  to  the  'Geographical 
Magazine.' 
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variety  of  cockatoos  and  lories.  The  mother  of  pearl  oyster,  an 
inferior  liiud  of  pearl  oyster,  the  tripang,  a  species  of  holothuria, 
and  the  shell  tortoise  are  found  on  an  extensive  bank  on  the 
eastern  side  of  the  group,  and  the  fishing  for  these  is  an  impor- 
tant employment  of  the  natives,  who  are  of  mixed  races,  great 
variety  of  feature — Malay,  Papuan,  and  Jewish — and  of  colour 
being  observable  in  the  same  community.  Some  are  Christians, 
some  Mohammedans,  and  others  are  heathens.  From  the  similarity 
or  identity  of  plants  and  animals,  man  included,  Mr.  Wallace 
thinks  that  the  Aru  group  once  formed  part  of  New  Guinea. 

§  7.  Borneo,  next  in  size  to  Australia,  extending  upwards  of 
800  m.  fi'om  N.  to  S.,  and. 600  from  E.  to  W.,  and  comprising  an  area 
of  289,000  sq.  m.,  is  a  noble  island.  It  is  divided  into  two  nearly 
equal  parts  by  the  equator,  and  appears  to  be  traversed  throiigh  its 
whole  length  by  chains  of  mountains,  which  end  in  three  branches 
at  the  Java  Sea.  Beautiful  rivers  flow  from  them  to  the  plains, 
and  several  of  these  are  said  to  spring  from  a  spacious  lake  on  the 
table-land  in  the  interior,  among  the  peaks  of  Keni-Balu  (13,698 
ft.).  No  European  has  visited  this  lake,  but  the  Malay  lake  is 
known  to  be  24  m.  long  by  4  broad,  and  to  be  situated  about  136  m. 
from  the  W.  coast.  Borneo  possesses  vast  forests  of  ironwood, 
teak,  and  the  gutta  percha  tree.  Among  the  vegetable  productions 
of  this  island  are  palms,  bamboos,  which  are  of  infinite  economical 
sei-vice  to  the  Dyaks ;  ferns  and  tree  ferns,  pitcher  plants,  nume- 
rous orchids,  few  of  which  have  conspicuous  flowers;  the  man- 
gosteen,  and  other  tropical  fruits,  among  which  is  the  durian,  to 
eat  of  which  '  is  a  new  sensation,  worth  a  voyage  to  the  East  to 
experience.'  Eice  is  largely  grown.  The  vast  forests  are  the 
home  of  the  ourang  outang,  an  animal  which  is  confined  to 
Sumatra  and  Borneo.  Many  of  the  moimtains  are  exceedingly 
picturesque,  and  behind  Sarawak  is  'a  most  beautiful  country, 
where  limestone  moimtains  with  their  fantastic  forms  and  white 
precipices  shoot  up  on  every  side  draped  and  festooned  with  a 
luxuriant  vegetation.'  Borneo  has  no  signs  of  recent  volcanic 
action,  and  earthquakes  are  entirely  unlmown.  It  has  a  coast  line 
of  about  2000  m.,  with  few  bays  and  no  great  inlets,  and  its  rivers 
have  bars  at  their  mouths,  but  beyond  these  they  are  deep.  One 
of  them  has  been  navigated  by  a  Dutch  steamer  for  about  300  m. 
As  yet  only  primary  and  secondary  formations  have  been  met  with, 
but  the  mineral  riches  are  very  great.  Diamonds,  gold,  iron, 
antimony,  and  coal  are  among  its  minerals ;  gums,  gutta  percha, 
and  all  lands  of  spices  and  tropical  fruits,  are  among  its  vegetable 
productions. 

Situated  in  the  centre  of  a  vast  archipelago,  and  in  the  direct 
line  of  an  extensive  and  valuable  commerce,  it  will  in  the  course  of 
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time  become  the  seat  of  a  great  nation,  whose  civilisation  and 
prosperity  will  hand  down  to  posterity  the  name  of  the  entei-prising, 
phflanthropic  Sir  James  Brooke,  Rajah  of  Sarawak,  with  the 
highest  honour  to  which  man  can  aspire.  The  climate  is  healthy, 
tempered  by  sea  breezes,  and  in  some  parts  it  is  even  European  ; 
the  small  island  of  Labuan  and  the  adjacent  coasts  of  Borneo,  being 
rich  m  coal,  and  situated  in  the  route  of  steam  vessels  between 
India  and  China,  exercise  very  great  influence  on  the  trade  between 
Europe  and  the  Celestial  Empire,  and  on  the  civilisation  of  the 
barbarous  and  piratical  tribes  of  the  Eastern  Archipelago. 

The  little  known  and  curiously  shaped  island  of  Celebes  is 
free  from  volcanoes  in  its  S.  and  central  portions.  The  structure 
of  the  part  of  the  island  near  Macassar  is  interesting.  Limestone 
mountains  rest  on  a  basis  of  basalt,  which  occasionally  forms  low 
rounded  hills  between  the  more  precipitous  portions.  Basalt  is 
nearly  always  found  in  the  rocky  beds  of  the  streams  ;  and  over  a 
step  of  this  rock,  about  40  ft.  high,  come  the  beautiful  falls  of  the 
Maros  River.  The  N.  part  of  the  island,  called  Minahasa,  has 
groups  of  fine  volcanic  peaks  6000  or  7000  ft,  high.  The  country 
is  very  beautifid  ;  '  noble  palms  and  tree  ferns,  wooded  hiUs  and 
volcanic  peaks,  everj^here  meet  the  eye.'  Large  cofl'ee  plantations 
exist  in  the  district,  and  the  people,  from  being  head  hunters,  like 
the  Dyaks,  are  rapidly  adopting  civilised  habits.  The  beautifid  Lake 
of  Tondano  is  fomid  at  an  elevation  of  2000  ft.,  and  the  villages 
around  it  enjoy  a  comparatively  temperate  climate.  Hot  springs 
and  mud  volcanoes  exist  not  far  from  the  lake,  and  earthquakes 
are  very  frequent. 

The  Malay  Archipelago  has  an  extent  of  more  than  4000  m. 
from  E.  to  W.,  and  of  about  1300  from  N.  to  S.  Its  expanse  is 
equal  to  that  between  the  extreme  W.  of  Europe  and  Central 
Asia.  Sumatra  has  an  area  about  equal  to  that  of  Britaui ;  Java, 
Luzon,  and  Celebes  are  each  about  the  size  of  Ireland.  Eighteen 
other  islands  are  each  as  large  as  Jamaica,  and  more  than  100 
are  as  large  as  the  Isle  of  Wight.  The  climate  is  uniform,  and, 
with  the  exceptions  of  Timor  and  the  adjacent  islands,  the  islands 
of  the  archipelago  are  clothed  with  forest  from  the  sea  level  to  the 
tops  of  the  highest  mountain  peaks.  The  dryness  and  peculiar 
vegetation  of  Timor  are  probably  the  results  of  the  S.E.  monsoon 
from  Australia,  which  produces  atmospheric  conditions  that  make 
the  vegetation  and  physical  aspect  of  the  adjacent  islands  resemble 
its  own. 

A  shallow  sea,  under  50  fathoms,  connects  the  great  islands  of 
Sumatra,  Java,  and  Borneo  with  the  Asiatic  continent;  while 
another  shallow  sea  connects  New  Gmnea  and  some  of  the 
adjacent  islands  to  Australia.    The  productions  of  the  islands 
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thus  connected  are  similar,  and  in  many  cases  identical  with  those . 
of  the  adjacent  mainlands.  Between  these  regions  extends  a  sea 
whose  depth  is  nowhere  less  than  100  fathoms,  and  in  this  lie  the 
Moluccas,  Celebes,  and  the  islands  E.  of  Lomhok  to  Timor.  All 
the  islands  E.  of  Celebes  and  Lomhok  exhibit  almost  as  close  a 
resemblance  to  Australia  and  New  Guinea  in  their  natural  produc- 
tions as  do  the  western  islands  to  Asia.  The  Islands  of  Bali  and 
Lombok,  closely  approximated  as  they  are,  are  the  places  where  the 
two  regions  meet  most  nearly,.but  are  yet  perfectly  distinct.  Many 
of  the  islands  of  the  Archipelago  are  hardly  known ;  the  interior 
of  the  greater  number  has  scarcely  been  explored  so  that  they 
offer  a  wide  field  of  discovery  to  the  enterprising  traveller,  and  they 
are  now  of  easier  access,  since  the  seas  have  been  cleared  of  pirates 
by  the  exertions  of  Sir  James  Brooke  and  the  officers  of  Her 
Majesty's  Navy.  The  travels  of  Mr.  A.  E.  Wallace  have  added 
much  to  om-  information  with  regard  to  this  archipelago. 


CHAPTER  XV. 

COEAL  FOEMATIONS,  VOLCAITIC  ACTIOIf,  AOT)  EARTHaTTAEES. 

§  1.  Biflferent  kinds  of  Coral  Pormations.— It  is  a  singular 
circumstance  that  most  of  the  smaUer  tropical  pelagic  islands  in 
the  Pacific  and  Indian  Oceans  are  either  volcanic  or  coralline;  and 
It  IS  a  startHng  fact  that  in  most  cases  where  there  are  volcanoes 
the  land  is  rising  by  slow  and  almost  imperceptible  degrees  above 
the  ocean,  whereas  there  is  every  reason  to  believe  that  those  vast 
spaces  studded  with  coral  islands  or  atolls'^  are  actually  sinking 
below  it,  and  have  been  so  for  ages.^ 

There  are /aw?-  different  kinds  o£  coral  formations  in  the  Pacific 
and  Indian  Oceans,  all  entirely  produced  by  the  gTowth  of  or-anic 
beings  and  their  detritus  ;  namely,  laffoon  islands  or  atolls,  encircling 
1-eefs  hm-ner  reefs,  and  coral  fringes.  They  are  all  nearly  confined 
to^the  tropical  zones;  the  atolls  to  the  Pacific  and  Indian  Oceans 

An  atoll  or  lagoon  island  consists  of  a  chaplet  or  ring  of  coral 
enclosing  a  lagoon  or  portion  of  the  ocean  in  its  centre.  The  average 

lagLllS^^^^^  na.e  given  to  .the  sea 

2  Dr.  Darwin  on  '  Coral  Reefs.' 
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breadth  of  the  coral  ring  of  an  atoll  above  the  surface  of  the  sea  is 
about  a  quarter  of  a  mile,  often  less,  and  it  seldom,  rises  higher 
than  frona  6  to  10  or  12  ft.  above  the  waves.  Hence  the  lagoon 
islands  are  not  discernible,  even  at  a  very  small  distance,  unless 
■when  they  are  covered  with  the  cocoa  nut  palm,  or  the  pandanus, 
as  is  frequently  the  case.  On  the  outer  side  this  ring  or  circlet 
shelves  down  to  the  distance  of  100  or  200  yards  from  its  edge,  so 
that  the  sea  gradually  deepens  to  25  fathoms,  beyond  which  the 
descent  is  abrupt  at  angles  varjing  from  40°  up  to  absolute  verti- 
cality.  Even  at  the  small  distance  of  some  hundred  yards  no 
bottom  has  been  foimd  with  a  sounding  line  a  mile  and  a  half  long. 
All  the  coral  below  the  surface  of  the  water  is  alive — all  above  is 
dead,  being  the  detritus  of  the  living  part,  washed  up  by  the  surf, 
which  is  so  heavy  on  the  windward  side  of  the  tropical  islands  of 
the  Pacific  and  Indian  Oceans  that  it  is  often  heard  miles  off,  and 
is  frequently  the  first  warning  to  seamen  of  their  approach  to  an 
atoll. 

On  the  lagoon  side,  where  the  water  is  calm,  the  bounding  ring 
or  reef  shelves  into  it  by  a  succession  of  ledges,  also  of  living  coral, 
though  not  of  the  same  species  with  those  which  build  the  exterior 
wall  and  the  foundations  of  the  whole  ring.  The  perpetual  change 
of  water  brought  into  contact  with  the  external  coral  by  the 
breakers  probably  supplies  them  with  more  food  than  they  could 
obtain  in  a  quieter  sea,  which  may  account  for  their  more  luxuriant 
growth.  At  the  same  time  they  deprive  the  whole  of  the  coral  in 
the  interior  of  the  most  nomishmg  part  of  their  food,  because  the 
still  water  in  the  lagoon,  being  supplied  from  the  exterior  by 
openings  in  the  ring,  ceases  to  produce  the  hardier  corals ;  and 
species  of  more  delicate  forms,  and  of  much  slower  growth,  take 
their  place.  The  depth  of  the  lagoon  varies,  in  different  atolls,  from 
20  to  50  fathoms,  the  bottom  being  partly  detritus  and  partly  five 
coral.  By  the  growtli  of  the  coral  some  few  of  the  lagoons  have 
been  filled  up  ;  but  the  process  is  very  slow,  from  the  causes  above 
assigned,  and  also  because  there  are  marme  animals  that  feed  on 
tJie  living  coral,  and  prevent  its  indefinite  growth.  The  coral  is  of 
the  most  varied  and  delicate  structure,  and  of  the  most  beautiful 
tints  •,  dark  brown,  vivid  green,  rich  purple,  pink,  deep  blue,  peach- 
colour,  yellow,  with  dazzling  white,  contrasted  with  deep  shadows 
shine  through  the  limpid  water  ;  while  fish  of  the  most  gorgeous 
hues.svnm  among  the  branching  coral,  which  is  of  many  different 
kinds  though  all  kinds  combine  in  the  structure  of  these  singular 
islands.  Lagoon  islands  are  sometimes  circular,  but  more  often  oval 
or  irregular  "in  form.  Sometimes  they  are  solitary,  at  other  times 
in  groups,  but  they  occur  most  frequently  in  elongated  archipelagoes, 
Avith  the  atolls  elongated  in  the  same  dii'ection.    The  grouping  of 
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atoUs  bears  a  perfect  analogy  to  the  grouping  of  the  archipelao-oes 
of  ordinary  islands.  ° 

The  size  of  these  fairy  rings  of  the  ocean  varies  from  2  to  90 
m.  in  diameter,  and  islets  are  fi-equently  formed  on  the  submerged 
part  of  the  coral  rings  by  the  washing  up  of  the  detritus,  for  they 
are  so  low  that  the  waves  break  over  them  in  high  tides  or  storms. 
They  have  openings  or  channels  in  their  circiut,  generally  on  the 
leeward  side,  where  the  tide  enters,  and  by  these  ships  may  sail 
mto  the  lagoons,  which  are  excellent  harbours,  and  even  on  the 
sm-face  of  the  circlet  or  reef  itself  there  are  occasional  boat  channels 
between  the  islets. 

Dangerous  Archipelago,  lying  E.  of  the  Society  Islands,  is  one 
of  the  most  remarkable  assemblages  of  atolls  in  the  Pacific  Ocean- 
There  are  80  of  them,  generally  of  a  circular  form,  sm-roimding  deep 
lagoons,  and  separated  from  each  other  by  very  deep  channels  The 
reefs  or  rings  are  about  half  a  mile  across,  and  seldom  rise  more 
than  10  ft.  above  the  edge  of  the  surf,  which  beats  upon  them  with 
such  violence  that  it  may  be  heard  at  the  distance  of  8  m.  •  and 
yet  on  that  side  the  coral  insects  build  more  vigorously,  and  veo-e- 
tation  thrives  better,  than  on  the  other.  Many  of  these  islets  are 
mhabited. 

The  Caroline  Archipelago,  the  largest  of  all,  Ues  N.  of  the 
equator,  and  extends  its  atoUs  in  60  groups  over  1000  sq.  m.  Many 
are  of  great  size,  and  aU  are  beaten  by  a  tempestuous  sea  and  by 
occasional  hurricanes.  The  atoUs  in  the  Pacific  Ocean  and  China 
bea  are  beyond  enumeration.  Though  less  frequent  in  the  Indian 
Ocean,  none  are  more  interesting,  or  afford  more  perfect  specimens 
of  this  peculiar  mode  of  formation,  than  the  Maldive  and  Laccadive 
Archipelagoes  both  nearly  paraUel  to  the  coast  of  Malabar,  and 
elongated  in  that  direction.  The  former  is  500  m.  long,  and  about 
50  m_  broad  with  atolls  arranged  in  a  double  row,  separated  by  an 
unfathomable  sea,  mto  which  their  sides  descend  with  more  than 
\lTS.  The  largest  atoll  is  88  m.  long,  and  somewhat 

less  than  20  broad  ;  Suadiva,  the  next  in  size,  is  44  m.  by  23,  with 
a  large  lagoon  m  its  centre,  to  which  there  is  access  by  42  openings. 
There  are  mhabited  islets  on  most  of  the  chaplets  or  rings  not 

S'fi^f  i;'^"^^!^^  '''''  themselves  are  nowherfmore 
tuan  b  It.  above  the  water  s  edge. 

in  ?}l  ,f  are  situated  to  the  N.  of  the  latter  archipelago 

Sets  ^  ^^''^  ^^'^  lowinhabited 

J^ioirclinu  reefs  differ  in  no  respect  from  atoU  reefs,  except  that 
they  have  one  or  more  islands  within  their  lagoon.  They  com- 
monly form  a  ring  around  mountainous  islands,  at  a  distance  of  2 
or  6  m.  from  the  shore,  risbg  on  the  outside  from  a  very  deen  o-ean 
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and  separated  from  the  land  by  a  lagoon  or  channel  200  or  300  ft. 
deep.  These  reefs  surround  the  submarine  base  of  the  island,  and, 
rising  by  a  steep  ascent  to  the  surface,  encircle  the  island  itself. 
The  Caroline  Archipelago  exhibits  good  examples  of  this  structure 
in  the  encircled  islands  of  Hogoleu  and  Siniavin ;  the  narrow  ring 
or  encircling  reef  of  the  former  is  135  m.  in  its  very  irregular 
circuit,  on  which  are  a  vast  number  of  islets ;  6  or  8  islands  rise 
to  a  considerable  height  from  its  lagoon,  which  is  so  deep,  and  the 
opening  to  it  so  large,  that  a  frigate  niight  sail  into  it.  The  en- 
circling reef  of  Siniavin  is  narrow  and  irregular,  and  its  lagoon  is 
so  nearly  filled  by  a  lofty  island  that  it  leaves  only  a  strip  of  water 
round  it  from  2  to  6  miles  wide  and  30  fathoms  deep. 

Tahiti,  the  largest  of  the  Society  Group,  is  another  instance  of 
an  encircled  island  of  the  most  beautiful  kind  ;  it  rises  in  mountains 
7000  ft.  high,  with  only  a  narrow  plain  along  the  shore,  and, 
except  where  cleared  for  cultivation,  it  is  covered  with  forests  of 
cocoa  nut  palms,  bananas,  bread  fruit,  and  other  productions  of  a 
tropical  climate.  The  lagoon,  which  encompasses  it  like  an  enor- 
mous moat,  is  30  fathoms  deep,  and  is  hemmed  in  from  the  ocean 
bv  a  coral  band  of  the  usual  kind,  at  a  distance  varying  from  half 
a'mile  to  three  miles. 

Barrier  reefs  are  of  precisely  the  same  structure  as  the  two 
precedino-  classes,  from  which  they  only  diflPer  in  their  position  with 
reo-ard  to  the  land.    A  barrier  reef  off  the  N.E.  coast  of  the  con- 
tinent of  Australia  is  the  grandest  coral  formation  existmg.  Rismg 
at  once  from  an  unfathomable  ocean,  it  extends  1200  m.  along  the 
N  E  coast,  with  a  breadth  varying  from  200  yards  to  several  miles, 
its  distance  from  the  shore  being  from  20  to  150  m.    The  gi-eat 
arm  of  the  sea  included  between  it  and  the  land  is  nowhere  less 
than  10,  occasionaUv  60  fathoms  deep,  and  is  safely  navigable 
throuo-hout  its  whole  length,  with  a  few  transverse  opemngs  by 
which  ships  can  enter.    It  is  interrupted  ofi'  the  S.  coast  of  New 
Guinea  by  muddy  water,  probably  from  some  great  river  on  that 
island  in  which  the  coral  animals  cannot  hve.    There  are  also 
extensive  barrier  reefs  on  the  islands  of  La  Louisiade  and  New 
Caledonia,  which  are  exactlv  opposite  to  the  great  Austrahan  reef; 
and  as  atolls  stud  that  pai-t  of  the  Pacific  which  lies  between  them, 
it  is  called  the  OoraUine  Sea.    The  rolling  of  the  biUows  along  the 
.reat  Australian  reef  has  been  admirably  described.    '  The  long 
ocean  swell,  being  suddenly  impeded  by  this  barrier  lifted  itself 
11  one  -reat  continuous  ridge  of  deep  blue  water  which  curhng 
over  fell  on  the  edge  of  the  reef  in  an  unbroken  cataract  of  dazzhiig 
white  foam    Each  line  of  breaker  ran  often  one  or  two  miles  m 
L-th  with  not  a  perceptible  gap  in  its  continuity.    There  was  a 
s^^iple  grandeur  and  display  of  power  and  beauty  m  this  scene  that 
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rose  even  to  sublimity.  The  unbroken  roar  of  tbe  surf,  ■with  its 
regular  pulsation  of  thunder  as  each  succeeding  swell  fell  first  on 
the  outer  edge  of  the  reef,  was  almost  deafening,  yet  so  deep  toned 
as  not  to  interfere  with  the  slightest  nearer  and  sharper  soimd.  .  .  . 
Both  the  sound  and  sight  were  such  as  to  impress  the  spectator  with 
the  consciousness  of  standing  in  the  presence  of  an  overwhelming 
majesty  and  power.' ' 

Coral  reefs  are  distinct  fi-om  all  the  foregoing :  they  aire  merely 
fringes  of  coral  along  the  margin  of  a  shore,  and  as  they  line  the 
shore  itself  they  have  no  lagoons.  A  vast  extent  of  coast,  both  on 
the  continents  and  islands,  is  fringed  by  these  reefs,  and  as  they 
frequently  surround  shoals  they  are  very  dangerous. 

Lagoon  islands  are  the  work  of  various  species  of  coral  animals ; 
but  those  particular  zoophytes  which  build  the  external  wall,  the 
foundation  and  support  of  the  whole  ring  or  reef,  are  most  vigorous 
when  most  exposed  to  the  breakers ;  they  cannot  exist  at  a  greater 
depth  than  about  15  fathoms,  and  die  immediately  when  left  dry  ; 
yet  the  coral  wall  descends  precipitously  to  imfathomable  depths  ; 
and  although  the  whole  of  it  is  not  the  work  of  these  animals,  yet 
the  perpendicular  thickness  of  the  coral  is  known  to  be  very  great, 
extending  hundreds  of  feet  below  the  depth  at  which  these  polypi 
cease  to  live.  From  an  extensive  survey  of  the  Coralline  Seas  of 
the  tropics.  Dr.  Darwin  has  fonnd  an  explanation  of  these  singular 
phenomena  in  the  instability  of  the  crust  of  the  earth.'^ 

§  2.  Areas  of  Subsidence  and  Elevation  in  the  bed  of  the 
Pacific. — Since  there  are  certain  proofs  that  large  areas  of  the  dry- 
land are  gradually  rising  and  others  sinking  down,  so  the  bottom 
of  the  ocean  is  not  exempt  from  the  general  change  that  is  slowly 
bringing  about  a  new  state  of  things ;  and  as  there  is  evidence,  on 
multitudes  of  the  volcanic  islands  in  the  Pacific,  of  a  rise  in  certain 
parts  of  the  basis  of  the  ocean,  so  the  lagoon  islands  indicate  a 
subsidence  in  others — changes  arising  from  the  expansion  and  con- 
traction of  the  strata  under  the  bed  of  the  ocean. 

There  are  strong  reasons  for  believing  that  a  continent  once 
occupied  a  gi-eat  part  of  the  Pacific  within  the  tropics  some  portion 
of  which  subsided  by  slow  and'imperceptible  degrees.  As  parts  of 
it  gradually  sank  down  below  the  surface  of  the  deep,  the  tops  of 
moimtains  and  table-lands  would  remain  as  islands  of  different 


1  By  Mr.  Jukes,  Naturalist  to  the  Surveying  Vovage  of  Captain  Black- 
wood, K.N.,  in  Torres  Straits.  • 

2  During  the  American  dredging  expedition  between  Florida  and  the  N. 
of  Cuba,  live  corals  were  found  at  such  vast  depths  as  will  change  the  re- 
ceived opinions  as  to  the  depth  at  which  reef  building  corals  may  Avork,  and 
will  modify  to  a  certain  extent  Darwin's  theory  of  reefs,  and  their  mode  of 
growth.—,/,  Gwyn  Jeffreijs,  Esq. 
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magnitude  and  elevation,  and  would  form  archipelagoes  elongated 
in  the  direction  of  the  mountain  chains.  Now,  the  coral  animals 
which  construct  the  outward  wall  and  mass  of  the  reefs  never 
build  laterally.  Hence,  if  they  began  to  lay  the  foundation  of  a 
reef  on  the  submerged  flanks  of  an  island,  they  would  be  obliged 
to  build  the  Avail  upwards  in  proportion  as  the  island  sank  down, 
so  that  at  length  a  lagoon  would  be  formed  between  it  and  the 
land.  As  the  subsidence  continued,  the  lagoon  would  increase, 
the  island  would  diminish,  and  the  base  of  the  coral  reef  would 
sink  deeper  and  deeper,  while  the  animals  would  always  keep  its 
top  just  below  the  sui-face  of  the  ocean,  till  at  length  the  island 
would  entirely  disappear,  and  a  perfect  atoll  would  be  left.  If  the 
island  were  mountainous,  each  peak  would  form  a  separate  island 
in  the  lagoon,  and  the  encircled  islands  would  have  different  forms, 
which  the  reefs  would  follow  continuously.  This  theory  explains 
perfectly  the  appearances  of  the  lagoon  islands  and  barrier  reefs, 
the  continuity  of  the  reef,  the  islands  in  the  middle  of  the  lagoons, 
the  different  distances  of  the  reefe  from  them,  and  the  fonns  of  the 
archipelago,  so  exactly  similar  to  the  archipelagoes  of  ordinary 
islands,  all  of  which  are  but  the  tops  of  submerged  mountain 
chains,  and  generally  partake  of  their  elongated  fonns.  ^ 

Every  intermediate  form  between  an  atoll  and  an  encircling  reef 
exists  :  New  Caledonia  is  a  link  between  them.  A  reef  nms  along 
the  N.W.  coast  of  that  island  400  m.,  and  for  many  leagues  never 
approaches  within  8  m.  of  its  shore  ;  the  distance  increases  to  16  m. 
near  the  S.  extremity.  At  the  other  end  the  reefs  are  continued 
on  each  side  150  m.  beyond  the  submarine  prolongation  of  the  land, 
marldng  the  former  extent  of  the  island.  In  the  lagoon  of  Keeling 
Atoll,  situate  in  the  Indian  Ocean,  600  m.  S.  of  Sumatra,  many 
fallen  trees,  and  a  ruined  store  house,  show  that  it  has  subsided : 
these  movements  took  place  during  the  earthquakes  at  Sumatra, 
which  are  also  felt  in  this  atoll.  Violent  earthquakes  have  been 
felt  at  Vanikoro  (celebrated  for  the  wreck  of  La  Perouse),  a  lofty 


1  Another  theoiy  relative  to  the  formation  of  tlie  lagoon  islands  is  that 
the  coral  circuit  is  but  the  edge  of  a  submarine  elevation  crater,  on  which 
the  coral  animals  have  raised  then*  edifice.  This  view,  -vvhich  has  been 
adopted  by  Von  Buch  and  Captain  Beechey,  to  whom  we  are  indebted  more 
than  to  any  other  navigator  for  positive  information  and  admirable  surveys 
of  the  coral  islands  in  the  Pacific,  receives  corroboration  from' the  perfect 
conformity  in  shape  between  many  of  the  lagoon  islands  of  the  Gambier 
group,  and  the  known  elevation  craters,  and  from  the  circumstance  of  a 
lagoon  island  having  been  seen  to  rise  in  1825,  in  lat.  30°  14',  accompanied 
with  smoke,  and  communicating  so  hich  a  temperature  to  the  surrounding 
sea  as  rendered  it  impossible  to  land.  Sec  Beechey's  'Voyages'  and 
Poppig's  '  Eeise.' 
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island  of  tlie  Queen  Charlotte  group,  with  an  encircling  reef  in  the 
western  part  of  the  South  Pacific,  and  on  which  there  are  marks 
of  recent  subsidence.  Other  proofs  are  not  wanting  of  this  great 
movement  in  the  beds  of  the  Pacific  and  Indian  Oceans. 

The  extent  of  the  atoll  formations,  including  imder  this  name 
the  encircUng  reefs,  is  enormous.  In  the  Pacific,  from  the  S.  end 
of  Low  Archipelago  to  the  N.  extremity  of  Marshall  Archipelago, 
a  distance  of  4500  m.,  and  many  degrees  of  latitude  in  breadth, 
atolls  alone  rise  above  the  ocean.  The  same  may  be  said  of  the 
space  in  the  Indian  Ocean  between  Saya  de  Malha  and  the  end  of 
the  Laccadives,  which  includes  25°  of  latitude — such  are  the  enor- 
mous areas  that  have  been,  and  probably  still  are,  slowly  subsiding. 
Other  spaces  of  great  extent  may  also  be  mentioned,  as  the  large 
archipelago  of  thQ  Oarolinas,  that  in  the  Coralline  Sea  of  the  N.  W. 
coast  of  Australia,  and  an  extensive  one  in  the  China  Sea. 

§  3.  Volcanic  Islands. — Though  the  volcanic  islands  in  the 
Pacific  are  so  numerous  there  is  not  one  within  the  areas  men- 
tioned, and  there  is  not  an  active  volcano  within  several  hundred 
miles  of  an  archipelago,  or  even  group  of  atolls.  This  is  the  more 
interesting,  as  recent  shells  and  fringes  of  dead  coral,  found  at  the 
various  heig-hts  on  their  surfaces,  show  that  the  volcanic  islands 
have  been  rising  more  and  more  above  the  surface  of  the  ocean  for 
a  very  long  time. 

The  volcanic  islands  also  occupy  particular  zones  in  the  Pacific, 
and  it  is  foimd,  from  extensive  observation,  that  all  the  points  of 
eruption  fall  on  the  areas  of  elevation.^ 

One  of  the  most  terribly  active  of  these  zones  begins  in  Morty 
Island,  to  the  N.E.  of  Gilolo,  extends  southward  through  Gilolo, 
and  thence  by  Ternate,  Tidore,  Makian,  Batchian,  Amboyna,  Banda, 
the  Serwatty  Islands,  Flores,  Sumbawa,  Lombok,  Bali,  Java,  and 
Sumatra,  separated  only  by  narrow  channels,  and  altogether  forming 
a  curved  line  2000  m.  long ;  but  as  the  volcanic  zone  is  continued 
through  Barren  Island  and  Narcondam,  in  the  Bay  of  Bengal, 
northward  through  the  islands  along  the  coast  of  Aracan,  the  entire 
length  of  this  volcanic  range  is  a  great  deal  more.  During  the  last 
hundred  years  all  the  islands  and  rocks  for  100  m.  along  the  coast 
of  Aracan  have  been  gradually  rising.  The  greatest  elevation  of 
22  ft.  has  taken  place  about  the  centre  of  the  line  of  upheaval,  in 
the  N.W.  end  of  the  island  of  Oheduba,  containing  two  mud  vol- 
canoes, and  is  continued  through  Foul  Island  and  the  Terribles.'^ 

1  Few  books  have  more  interest  than  Dr.  Darwin's  on  '  Coral  Reefs  and 
Volcanic  Islands,'  to  which  the  author  is  much  indebted.  Consult  also  the 
late  Admiral  Beechey's  '  Voyages,'  and  his  charts  of  the  Coral  Islands  In 
the  Pacific. 

2  By  the  Nautical  Survey  in  1848. 
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A  violent  volcanic  eruption  in  1646  rent  open  the  island  of 
Mahan  and  left  a  huge  chasm  which  extended  into  the  heart 
of  the  mountain.  In  1860  the  mountain  was  clothed  with  vegetar 
tion  to  Its  summit  and  contained  12  populous  villages.  After  215 
years  of  rest  the  volcano  hurst  forth  agam  on  December  29, 1862, 
altering  the  appearance  of  the  moimtain,  destroying  the  inhabitants^ 
and  sending  out  such  clouds  of  ashes  that  the  air  was  darliened  at 
Ternate,  40  m.  off,  and  the  growing  crops  of  the  adjacent  islands 
were  destroyed. 

The  little  island  of  Gounong-Api,  belonging  to  the  Banda 
group,  contains  a  volcano  of  great  activity ;  and  such  is  the  ele- 
vating pressure  of  the  submarine  fire  in  that  part  of  the  ocean  that 
a  mass  of  black  basalt,  of  such  magnitude  as  to  fill  a  bay  60  fathoms 
deep,  rose  up  so  quietly  that  the  inhabitants  were  not  aware  of 
what  was  going  on  till  it  was  nearly  done.  Timor  and  the  other 
adjacent  islands  also  bear  marks  of  recent  elevation. 

There  is  not  a  spot  of  its  size  on  the  face  of  the  earth  that  con- 
tains so  many  volcanoes  as  the  island  of  Java}  A  range  of  volcanic 
moimtains,  from  5000  to  14,000  ft.  high,  forms  the  central  crest  of 
the  island,  and  ends  to  the  E.  in  a  series  of  38  separate  volcanoes 
with  broad  bases,  rising  gradually  into  cones.  These  volcanoes  are 
chiefly  arranged  in  two  lines:  one,  beginning  near  Oape  St.  Nicholas, 
the  N.  W.  extremity  of  the  island,  runs  diagonally  across  to  the  S.W. 
headland  on  the  Strait  of  Bali ;  the  other,  parallel  to  this,  extends 
from  the  middle  of  the  Strait  of  Sunda  to  the  S.  coast  in  the  latitude 
of  Oheribon.  They  aU  stand  on  a  plain  but  little  elevated  above 
the  sea,  and  each  individual  mountain  seems  to  have  been  formed 
independently  of  the  rest.  Most  of  them  are  of  great  antiquity, 
and  are  covered  with  thick  vegetation.  Some  are  extinct,  or  only 
emit  smoke  ;  from  others  sulphureous  vapours  issue  with  prodigious 
violence  ;  one  has  a  large  crater  fiUed  with  boiling  water ;  and  a 
few  have  had  fierce  eruptions  of  late  years.  Regular  lava  streams 
never  occur  in  Java.  The  island  is  covered  with  volcanic  spurs 
from  the  main  ridge,  united  by  cross  chains,  together  with  other 
chains  of  less  magnitude  but  not  less  active. 

In  1772  the  greater  part  of  one  of  the  largest  volcanic  moimtains 
was  swallowed  up  after  a  short  but  severe  combustion  ;  a  luminous 
cloud  enveloped  the  mountain  on  August  11,  and  soon  afterwards 
the  huge  mass  actually  disappeared  under  the  earth  with  tremen- 
dous nois°,  carrying  with  it  about  90  sq.  m.  of  the  surrounding 
coimtry,  40  villages,  and  2957  of  their  inhabitants. 

The  N.  coast  of  Java  is  flat  and  swampy,  but  the  S.  provinces 
are  beautiful  and  romantic  ;  yet  in  the  lovely  peaceful  vaUeys  the 
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stillness  of  niglit  is  disturbed  by  the  deep  roaring  of  tbe  volcanoes, 
many  of  wliich.  are  perpetually  burning  witb  slow  but  terrific 
action. 

Java  (with  Madura)  contains  about  44,297  sq.  m.,  an  area 
nearly  equal  to  that  of  England.  The  mountains  are  clothed  to 
their  summits  with  luxuriant  vegetation ;  and  their  lower  slopes 
are  covered  with  forests  and  plantations.  At  above  8000  ft.  many 
plants  closely  allied  to  those  of  Europe  are  to  be  found.  The 
tree  fems  of  Java  form  a  very  distinguishing  feature  in  its  vege- 
tation. Himdreds  of  square  miles  of  country  are  under  terrace 
cultivation;  the  coimtry  is  thickly  peopled;  and  scattered  through- 
out the  island,  especially  in  the  eastern  part  of  it/  there  are  to  be 
found  the  .remains  of  ancient  cities,  temples,  tombs,  and  statues 
which  point  to  the  existence  of  an  advanced  civilisation  more  than 
400  years  ago. 

Separated  from  it  by  a  narrow  channel  of  the  sea,  Bali  is  but 
a  continuation  of  Java,  the  same  in  nature  and  structure,  but  on  a 
smaller  scale,  the  mountains  being  little  more  than  8000  ft.  hio-h. 

Lombok  and  Smnhawa  are  alilfe  in  structure.  They  are  moim- 
tainous  and  volcanic.  The  intensity  of  the  volcanic  force  imder 
this  part  of  the  Pacific  may  be  imagined  froni  the  eruption  of 
Tomboro,  in  Sumbawa,  in  1816,  which  continued  from  April  5  till 
July.  The  explosions  were  heard  at  the  distance  of  970  m. ;  and 
in  Java,  at  the  distance  of  300  m.,  the  darkness  during  the  dav 
was  like  that  of  deep  midnight,  from  the  quantity  of  ashes  that 
filled  the  air :  they  were  carried  to  Bencoolen,  a  distance  of  1100 
m.  ;  the  coimtry  round  was  ruined,  and  the  town  of  Tomboro 
was  submerged  by  heavy  rollers  fi-om  the  ocean. 

The  tnountains  of  Sumatra  rise  abruptly  from  its  Vestem  coast. 
They  extend  for  himdreds  of  miles  in  parallel  ridges,  varjdng  in 
height  from  2000  to  5000  ft. ;  the  highest  peaks  reaching  an 
elevation  of  from  8000  to  10,000  ft.  The  elevated  longitudinal 
valleys  which  are  capable  of  irrigation  and  cultivation  are  weU 
peopled.  The  eastern  side  of  Sumatra  is  flat  and  little  elevated. 
Tlie  rivers  wind  through  the  level  eastern  plain,  and  form  extensive 
deltas  at  their  mouths.  The  most  important  of  these  is  the 
Palembang  River,  which  is  navigable  for  200  m.  from  its  mouth. 
The  country  is  covered  with  magnificent  forests. 

^  In  Sumatra  the  extensive  granitic  formations  of  Eastern  Asia 
join  the  volcanic  series  which  occupies  so  large  a  portion  of  the 
Pacific.  This  most  beautiful  of  islands  presents  the  boldest  aspect  • 
it  is  indented  by  arms  of  the  most  transparent  sea,  and  watered  by  ' 
mnumerable  streams ;  it  displays  in  its  vegetation  all  the  bright 
colouring  of  the  tropics.  Here  the  submarine  fire  finds  vent  in  three 
volcanoes  on  the  S.,  and  one  on  the  N.,.side  of  the  island.    A  few 
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atolls,  many  hundreds  of  miles  to  the  S.,  show  that  this  volcanic 
zone  alternates  with  an  area  of  subsidence. 

More  to  the  N.,  and  nearly  parallel  to  the  preceding  zone, 
another  line  of  volcanic  islands  begins  to  the  N.  of  New  Guinea, 
and  passes  through  New  Britain,  New  Ireland,  Solomon  Islands, 
and  the  New  Hebrides,  containing  many  open  vents.  This  range 
or  area  of  elevation  separates  the  Coralline  Sea  from  the  great 
chain  of  atoUs  on  the  N.  between  EUice  Group  and  the  Caroline 
Islands,  so  that  it  lies  between  two  areas  of  subsidence. 

The  third  and  greatest  of  all  the  zones  of  volcanic  islands 
begins  in  North  Celebes,  200  m.  W.  of  the  first  belt,  and  passes 
by  Siao  and  Sangir  through  the  Philippine  Islands  and  Formosa : 
bending  thence  to  the  N.E.,  it  passes  through  Loo-Choo,  the 
Japan  Archipelago,  and  is  continued  by  the  KurUe  Islands  to  the 
peninsula  of  Kamtschatka,  where  there  are  several  volcanoes  of 
great  elevation. 

The  width  of  the  volcanic  belts  in  the  Malay  Archipelago  is 
about  50  m. ;  but  for  a  space  of  200  m.  on  each  side  of  them  there 
are  evidences  of  subterranean  action  in  recently  elevated  coral  rock, 
or  in  barrier  coral  reefs,  indicating  recent  submersion.  Borneo, 
New  Guinea,  and  the  whole  of  Celebes,  except  the  eastern  end  of 
its  northern  peninsula,  are  non-volcanic. 

That  long  chain  of  volcanic  islands  which  forms  the  empire  of 
Japan  was  little  known  to  Europeans  until  recently :  the  Dutch 
were  the  first  Europeans  who  had  any  intercourse  with  them ; 
the  United  States  have  a  commercial  treaty  with  them ;  and, 
as  a  result  of  treaties,  six  ports — Yedo,  Hakodadi,  Kanagawa, 
Nagasaki,  Osaka,  and  Hiogo — are  now  open  to  the  British;  so  that 
38  millions  of  new  people  are  brought  into  intercourse  with 
Europe. 

The  Japanese  islands,  so  far  as  they  are  known  to  Europeans, 
are  mountainous,  spurs  of  the  -principal  ranges  coming  in  places 
close  to  the  sea;  and  hills  being  everywhere  prominent  features  of 
the  landscape.  '  All  level  ground  in  Japan,'  says  Sir  Rutherford 
Alcock,  '  would  seem,  indeed,  but  circumscribed  plains  or  valleys 
of  variable  dimensions,  in  great  contrast  to  the  dead  level  and  aU 
but  boundless  plains  of  the  great  river  courses  of  Chma.'  The 
mountain  scenery  is  extremely  picturesque,  the  hills  being  generally 
clothed  to  the  summits  with  ti-ees— many  of  them  of  the  family  of 
the  pines ;  and  their  lower  slopes  are  frequently  cultivated  in 
terraces.  Much  of  the  soil  is  exceedingly  fertile,  and  within  lOO 
'  m.  of  Yedo  it  consists  exclusively  of  dark  rich  mould.  Some  of 
the  mountainous  districts  show  distinct  evidences  of  the  volcanic 
ao-ency  which  is  so  active  throughout  the  land  ;  and  the  principal 
mountain,  Eusi-Yama  (Rich  Scholar  Peak),  in  the  island  of  Nippon, 
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is  a  volcano,  -wliose  latest  recorded  eruption  was  in  1707.  Fusi- 
Yama  was  ascended  by  Sir  Eutherford  Alcock  and  his  party.  The 
flanks  of  the  mountain  are  clothed  with  magnificent  forests  of 
oak,  pine,  and  heech ;  but  the  ascent  of  the  upper  half  of  the 
mountain  was  over  lava  and  scoriae,  getting  more  .rough  and  pre- 
cipitous as  the  summit  was  neared.  The  crater  is  a  great  oval 
opening,  about  1100  yards  in  length,  with  a  mean  width  of  600 
and  a  depth  of  350  yaixls.  The  estimated  height  of  the  crater 
above  the  sea  level  was  13,977  ft.,  and  that  of  the  highest  peak, 
14,177  ft.  Pusi-Yama  is  a  sacred  mountain  and  an  object  of 
pilgrimages,  which  are  performed  in  July  and  August,  the  only 
months  in  which  the  mountain  is  sufficiently  clear  from  snow  to 
allow  the  ascent  to  be  made.  This  great  peak  forms  a  fine  object 
in  the  landscape  and  can  be  seen  from  Yedo.  Earthquakes  are 
exti-emely  common,  and  one  which  took  place  in  1783  rivalled  that 
of  Lisbon  in  its  destructiveness.  Another  in  1864  did  much  damage 
in  Yedo.  Hot  springs  are  common ;  those  of  Atami  were  visited 
by  Sir  R.  Alcock.  The  Lake  ITakoni,  a  fine  sheet  of  water  sur- 
rounded by  hills  and  situated  at  an  elevation  of  6250  ft.  above  the 
sea  level,  lies  N.  of  Fusi-Yama  in  a  beautiful  and  secluded  spot. 
The  Japanese  are  skilful  agriculturists  and  gardeners.  Much  grain, 
particularly  rice,  is  grown  ;  and  great  care  is  bestowed  on  the  culti- 
vation of  flowers,  for  which  the  people  have  a  passion.  Many  new 
plants  have  lately  been  introduced  into  this  country  from  Japan. 
The  Japanese  are  dexterous  manufacturers  in  the  metals,  clever 
draftsmen,  and  make  excellent  maps  of  their  country.  The 
coimtry  is  rich,  and  the  people  are  iadustrious,  laborious,  clean, 
neat,  and  orderly. 

There  are  six  islands  E.  of  Jephoon  in  the  Japan  Archipelago, 
which  are  subject  to  eruptions,  and  the  internal  firebreaks  through 
the  KurUe  Islands  in  18  vents,  besides  having  raised  two  new  islands 
in  the  beginning  of  this  centiu'y,  one  four  miles  roimd,  and  the  other 
3000  ft.  high,  though  the  sea  there  is  so  deep  that  the  bottom  has 
not  been  reached  with  a  line  200  fathoms  long. 

Thus  some  long  rent  in  the  earth  has  extended  from  the  tropics 
to  the  gelid  seas  of  Okhotsk  and  the  peninsula  of  Kamtschatka :  a 
new  one  begins  to  the  E.  of  the  latter  in  the  Aleutian  Islands,  which 
are  of  the  most  barren  and  desolate  aspect,  perpetually  beaten  by 
the  surge  of  a  restless  ocean,  and  bristled  by  the  cones  of  24  vol- 
canoea  ;  they  sweep  in  a  half  moon  round  Behring  Sea  till  they  join 
the  volcanic  peninsula  of  Aliaska. 

Tlie  line  of  volcanic  agency  has  been  followed  far  beyond  the 
limits  of  the  coral  working  animals,  which  extend  but  a  short  way 
on  each  side  of  the  tropics  ;  but  it  has  been  shown  that  in  the  equa- 
torial regions  immense  areas  of  elevation  alternate  with  as  great 
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areas  of  subsidence :  N.  of  Australia  they  are  so  mixed  that  a  point 
of  convergence  is  indicated.^ 

§  4.  Volcanic  iLction  on  the  Andean  shore  of  the  Paciflc. 

— On  the  other  side  of  the  Pacific  the  whole  chain  of  the  Andes, 
and  the  adjacent  islands  of  Juan  Fernandez  and  the  Galapagos, 
form  a  vast  volcanic  area,  which  is  actually  now  rismg ;  and  though 
there  are  few  volcanic  islands  N.  of  the  zone  of  atolls,  yet  what 
there  are  indicate  great  internal  activity,  especially  in  the  Sandwich 
Islands  where  the  volcanoes  of  Hawaii  are  inferior  to  none  in 
awfiil  suhlimity.  That  of  Kilauea  (3970  ft.),  a  lateral  crater  of 
eruption  of  the  great  central  volcano  of  Mauua  Loa,  was  seen  in 
high  activity  by  Mr.  Douglas  in  1834,  subsequently  by  Mr.  Dana, 
and  in  March  and  April,  1868,  it  vomited  forth  torrents  of  lava, 
which  devastated  the  S.  part  of  the  island.  During  this  last  erup- 
tion the  floor  of  the  crater  sank  some  hundreds  of  feet,  and  the 
column  of  smoke  was  visible  at  Lahaina,  120  m.  distant.  The 
crater  is  more  than  3  m.  in  diameter,  formed  of  solidified  lava.  It 
was  990  ft.  deep  in  1861 ;  the  bottom  filled  by  a  lake  of  liquid 
lava,  in  furious  ebullition,  occasionally  spouting  to  the  height  of 
from  20  to  70  ft.,  whence  streams  of  lava,  hiu*rying  along  in  fiery 
waves,  were  finally  precipitated  down  an  ignited  arch,  where  the 
force  of  the  lava  was  partly  arrested  by  the  escape  of  gases,  which 
threw  back  huge  blocks  and  literally  spun  them  into  threads  of 
glass,  which  were  carried  by  the  wind  like  the  refuse  of  a  flax  mill. 
INIr.  Douglas  says  the  noise  could  hardly  be  described  —that  of  all 
the  steam  engines  in  the  world  would  be  a  whisper  to  it ;  and  the 
heat  was  so  overpowering,  and  the  dryness  of  the  air  so  intense, 
that  the  veiy  eyelids  felt  scorched  and  dried  up.^ 

There  are  great  volcanic  mountains  in  Hawaii:  viz.  Hohala 
(9800  ft.),  Maima  Kea  (13,953  ft.),  Hualalai  (7822  ft.),  and  Mauna 
Loa  (13,760  ft.). 

The  Pacific,  which  contains  various  volcanic  areas  of  vast  extent 
and  intense  energy,  is  itself  the  most  magnificent  volcanic  basin  on 
the  globe.  Beginning  at  Graham's  Land  in  the  'Antarctic  Ocean 
it  passes  to  the  volcanoes  in  Tierra  del  Fuego,  along  the  chain  of 
the  Andes,  the  Central  American  and  Mexican  volcanoes,  and  the 
scattered  chain  of  volcanoes  along  the  W.  coast  of  N.  America,  to 
Mount  St.  Elias,  in  60°  N.  at  the  N.  extremity  of  tlie  Pacific. 
From  INIount  St.  Elias  there  is  an  almost  imbroken  line  of  moimtain 
and  volcano  in  the  Aleutian  Archipelago,  carried  down  through  the 
great  elevated  peninsula  of  Kamtschatka,  the  Kuiile  Isles,  Yezo, 


1  Darwin  on  '  Volcanic  Islands.' 

2  Mr.  Douglas's  'Voyage  to  the  Sandwich  Isles  in  1833-4,'  in  'Journal  of 
the  Royal  Geographical  Society  of  London,'  1855, 


Chap.  XV.     VOLCANIC  KEGION  OF  THE  EED  SEA.  173 


Japan,  the  Philippines,  and  to  the  N.  of  New  Guinea,  "by  its  vol- 
canoes, and  those  of  New  Britain,  the  Solomon  Isles,  Egmont,  New 
Hebrides,  New  Caledonia,  and  New  Zealand,  to  the  Antarctic  ice 
again,  at  the  Balleny  Islands  and  Buckle  Volcano,  possibly  to 
Victoria  Land.  In  this  enormous  circuit  the  elevated  ridge  of  the 
basin  is  of  vast  altitude  on  the  American  contuient ;  but  on  the 
other  side  the  ridge  is  frequently  subaqueous,  only  rising  into 
heights  at  intervals,  though  probably  continuous  throughout. 

§  5.  Volcanic  Regrion  of  the  Red  Sea. — At  the  head  of  the 
Red  Sea,  between  the  12th  and  16th  parallels  of  N.  lat.,  there  is  a 
volcanic  region  covering  an  area  of  10,000  sq.  m.,  without  inter- 
ruption, which  is  perhaps  the  third  or  fourth  in  extent  on  the 
sm-face  of  the  earth.  The  Jebel-Tear  is  still  smoking,  and  one  of 
the  Zugar  Islands  was  in  eruption  in  1846.  The  volcano  of  Aden 
has  been  submerged  and  elevated  again  since  the  last  period  of  its 
activity.^ 

It  may  be  observed  that  where  there  are  coral  fringes  the  land 
is  either  rising  or  stationary ;  for  were  it  subsiding  lagoons  would 
be  formed.  On  the  contrary,  there  are  many  fringing  reefs  on  the 
shores  of  volcanic  islands  along  the  coasts  of  the  Red  Sea,  the 
Persian  Gulf,  and  the  West  Indian  Islands,  all  of  which  are  rising. 
Indeed,  this  occurrence  in  numberless  instances  coincides  vsdth  the 
existence  of  upraised  organic  remains  on  the  land. 

As  the  only  coral  formations  in  the  Atlantic  are  fringing  reefs, 
and  as  there  is  not  one  in  its  central  expanse,  except  in  Bermuda, 
it  may  be  concluded  that  the  bed  of  the  ocean  is  not  sinking ;  and 
with  the  exception  of  the  Leeward  Islands,  the  Canaries,  the  Azores, 
and  the  Cape  de  Verd  groups,  there  are  no  active  volcanoes  in  the 
islands  or  on  the  coasts  of  that  ocean. 

§  6.  Volcanic  i^ction  on  the  CS-reat  Continent. — At  present 
the  great  continent  has  few  centres  of  volcanic  action  in  comparison 
with  what  it  once  had.  The  Mediterranean  is  still  imdermined  by 
fire  which  occasionally  finds  vent  in  Vesuvius  and  the  stately  cone 
of  Etna.  Though  Stromboli  constantly  pours  forth  inexhaustible 
showers  of  incandescent  matter,  and  a  temporary  island  now  and 
then  starts  up  from  the  sea,  the  volcanic  action  has  not  diminished : 
Vesuvius  has  been  several  times  in  eruption  within  the  last  few 
years,  the  eruption  of  December  1861  having  nearly  destroyed 
the  populous  town  of  Torre  del  Greco  for  the  second  time  in  a 
centurj^ ;  and  the  activity  of  the  mountain  having  been  great  ever 
since  (1869). 

The  table-land  of  Western  Asia,  especially  Azerbaijan,  was 
once  the  seat  of  intense  commotion,  now  spent,  as  evidenced  by 
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the  volcanic  peaks  of  the  Seiban  Dagh,  Ararat,  and  by  the  .  still 
smoking  cone  of  Demavend. 

The  range  of  the  Thian  Shan,  or  Celestial  Mountains,  supposed 
by  Humboldt  and  Ritter  to  be  volcanic,  has  been  shown  by  the 
actual  research  of  Schrenk,  Semenof,  Severtzof,  and  Sosnofsky 
to  have  no  volcanoes,  and  to  be  destitute  of  typical  volcanic 
phenomena  and  even  of  volcanic  forms.  Sulphur  has  been  found 
issuing  from  some  fissures  in  the  form  of  vapour,  but  this  may  be 
accounted  for  by  the  combustion  of  some  of  the  numerous  coal 
seams  in  the  basin  of  the  Hi  River,  which  rises  in  the  Thian 
Shan,  and  flows  N.W.  into  Lake  Balkash.i  In  the  range  of 
Tarbagatai,  in  the  country  of  the  Kirghiz,  there  is  a  mountain  said 
to  emit  smoke  and  even  flanie,  which  produces  sulphur  and  sal- 
ammoniac  in  abimdance.  The  group  of  hot  springs  near  the  salt  lake 
Ejook-Kiul  and  the  valley  of  the  Nubra,  discovered  by  the  brothers 
Schlagintweit  in  1856,  during  a  journey  from  Ladak  to  Khotan, 
across  the  Karakoram  chain,  shows  that  volcanic  action  still  exists 
to  the  S.  of  the  Thian  Shan,  and  that  the  Karakoram  is  probably 
a  volcanic  formation,  as  was  suspected  by  Humboldt.  These  gen- 
tlemen were  the  first  Europeans  who  crossed  that  mighty  chain 
of  Central  Asia,  which  is  so  lofty  that  some  of  the  peaks  they 
measured  were  24,000  ft.  high.  It  is  not  ascertained  that  there 
are  any  mountains  in  China  that  eject  lava,  but  there  are  many  fire 
hills  and  fire  springs ;  the  latter  are  real  Artesian  wells,  5  or  6 
inches  wide,  and  from  1500  to  3000  ft.  deep  ;  from  some  of  these 
rises  water  containing  much  common  salt ;  from  others  gases  issue  ; 
and  when  a  flame  is  applied,  fire  rushes  out  with  great  violence, 
rising  20  or  30  ft.  high,  with  a  noise  like  thunder.  The  gas, 
conducted  in  tubes  of  bamboo  cane,  is  used  in  the  evaporation  of 
salt  water  from  the  neighboming  springs. 

§  7.  Wumber  and  General  Description  of  Active  Vol- 
canoes.— There  are  altogether  about  270  active  volcanoes,  of 
which  190  are  on  the  shores  and  islands  of  the  Pacific-  They  are 
generally  d  sposed  in  lines  or  groups.  The  chain  of  the  Andes 
furnishes  a  magnificent  example  of  linear  volcanoes.  Tlie  Peak  of 
Tenerifi'e,  encompassed  by  the  volcanic  islands  of  Palma  and 
Lancerote,  is  an  equally  good  specimen  of  a  central  group.  Erup- 


1  See  Schuyler's  '  Turkistan,'  vol.  ii.  p.  133. 

2  <  xiie  number  of  active  volcanoes  on  sea  coasts  and  in  islands  is 
probably  connected  with  the  agency  of  water  in  volcanic  operations.  The 
latest  chemical  observations  on  the  products  of  recent  eruptions  favour  the 
doctrine  that  large  bodies  of  salt  water  gain  access  to  the  volcanic  foci.' 
Steam  or  aqueous  vapour  may  propel  lava  to  the  surface  ;  and  '  various 
gases,  rendered  liquid  by  pressure  at  great  depths,  m.ay  aid  in  causing 
volcanic  outbursts,  and  in  fissuring  and  convulsing  the  rocks  during  earth- 
quakes.'—Lyell's  '  Principles  of  Geology,'  10th  edition,  18G8. 
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tions  are  much  more  frequent  in  low  than  in  the  more  elevated 
volcanoes  ;  that  in  the  island  of  Stromholi  is  in  constant  activity ; 
-whereas  Ootopaxi,  and  Tunguragua,  in  the  Andes,  have  only 
heeu  active  once  in  a  hundred  years.  On  account  of  the  force 
requisite  to  raise  lava  to  such  great  elevations,  it  rarely  flows  from 
very  elevated  cones.  Antisana  is  the  only  instance  to  the  con- 
trary among  all  the  lofty  volcanoes  of  Equatorial  America.  In 
Etna,  as  in  the  volcano  of  Hawaii  also,  the  pressure  is  so  great 
that  the  lava  forces  its  way  through  the  sides  of  the  mountain,  or 
at  the  base  of  the  cone.  The  same  generally  hapiJens  in  Vesuvius, 
the  great  lava  eruptions  being  chiefly  from  the  base  of  the  cone. 

An  eruption  begins  by  a  dense  volume  of  smoke  issuing  from 
the  crater,  mixed  with  aqueous  vapour  and  gases  ;  then  masses  of 
rock  and  molten  matter  in  a  half  fluid  state  are  ejected  with  tre- 
mendous explosion  and  violence  ;  after  which  lava  begins  to  flow, 
and  the  whole  terminates  by  a  shower  of  ashes  from  the  crater — 
often  the  most  formidable  part  of  the  phenomenon,  as  was  ex- 
perienced at  the  destruction  of  Pompeii.  There  are  several  vol- 
canoes which  eject  only  streams  of  boiling  water,  as  the  Volcano 
de  Agua,  in  Guatemala ;  others  pour  forth  boiling  mud,  as  in  the 
Islands  of  Trinidad,  Java,  and  Oheduba,  in  the  Bay  of  Bengal.  A 
more  feeble  effort  of  the  volcanic  force  appears  in  the  numerous 
solfataras.  Hot  springs  show  that  the  volcanic  fire  is  not  extin- 
guished, though  not  otherwise  apparent.  To  these  may  be  added 
the  emanations  of  boracic  acid,  in  a  gaseous  form,  acidulous  springs, 
those  of  naphtha,  petroleum,  and  various  kinds  of  gas,  as  carbonic 
acid,  the  food  of  plants— and,  when  breathed,  the  destruction  of 
animals,  as  is  fearfully,  seen  in  the  Guevo  Upas,  or  'Valley  of 
Death,'  in  Java :  it  is  half  a  mile  in  circumference,  and  about  35  ft. 
deep,  with  a  few  large  stones,  and  not  a  vestige  of  vegetation  on 
the  bottom,  which  is  covered  with  the  skeletons  of  human  beino-s 
and  the  bones  of  animals  and  birds  blanched  white  as  ivory.  On 
approaching  the  edge  of  the  valley,  which  is  situate  on  the  top  of 
a  hill,  a  nauseous  sickening  sensation  is  felt,  and  nothing  that  has 
life  can  enter  its  precincts  Avithout  being  immediately  suffocated.^ 

The  seats  of  activity  have  been  perpetually  changing,  but  there 
always  has  been  volcanic  action,  possibly  more  intense  in  former 
times  ;  but  even  at  present  it  extends  from  pole  to  pole. 

§  8.  Earthquakes. — Notwithstanding  the  numerous  volcanic 
vents  in  the  globe,  many  places  are  subject  to  violent  earthquakes, 
which  destroy  the  works  of  man  and  often  change  the 'configura- 
tion of  the  country.  The  most  extensive  district  of  earthquakes 
comprises  the  Mediterranean  and  the  adjacent  countries,  Asia 

1  Letter  from  Alex.  Loudon,  Esq.,  in  the  '  Journal  of  the  Geographical 
Society  of  London.' 
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Minor,  the  Caspian  Sea,  Caucasus,  the  Persian  mountains,  and  the 
W.  border  of  the  S.  American  continent.  A  gi-eat  part  of  the 
continent  of  Asia  is  more  or  less  subject  to  shocks  ;  but  with  the 
exception  of  the  shores  of  the  Red  Sea  and  the  northern  parts  of 
Barbary,  Africa  is  entirely  free  from  these  tremendous  scourges  ; 
and  it  is  singular  that,  notwithstanding  the  terrible  earthquakes 
which  shake  the  countiies  west  of  the  Andes,  the  Andean  chain 
itself,  and  all  the  countries  round  the  Gulf  of  Mexico  and  the 
Caribbean  Sea,  they  are  extremely  rare  in  the  great  eastern  plains 
of  South  America.  Greenland,  Spitzbergen,  and  great  part  of 
Australia  also  seem  to  enjoy  an  immunity  from  the  attacks  of 
earthquakes.  For  the  most  part  the  shocks  are  transmitted  in  the 
line  of  the  primary  mountain  chains,  and  seem  often  to  be  limited 
by  them  in  the  other  direction.  The  estuaries  of  the  Indus  and 
Ganges,  the  coasts  of  Siam  and  Eastern  China,  constitute  a  depressed 
continental  earthquake  range.  The  Pyrenees,  Apennines,  Balkan, 
and  Caucasus,  are  all  points  of  intensity  on  a  line  of  mountains 
interrupted  by  seas  and  broad  valleys.  The  gi-eat  centres  of  earth- 
quake in  Europe  are  actively  volcanic — Hecla,  Vesuvius,  Etna,  and 
Santorin. 

Mr.  Mallet,  in  his  most  interesting  work  on  earthquakes,  men- 
tions that  the  Scandinavian  peninsula  is  so  connected  with  Iceland 
by  the  bed  of  the  Northern  Ocean  that  no  marked  convulsion  hap- 
pens in  the  one  without  being  felt  in  the  other.  •'  Scandinavia, 
itself  one  of  the  most  remarkable  masses  of  land  in  slow  process  of 
elevation,  also  shows  its  connection  with  internal  action ;  and  were 
it  not  that  Iceland  is  pierced  with  numberless  vents,  broken  and 
shattered  in  every  direction  by  volcanic  action  that  admits  of  no 
cessation  or  consolidation  above,  there  can  be  no  doubt  that  the 
destructive  power  of  earthquakes  would  be  manifested  in  the 
northern  peninsula  to  a  far  more  serious  extent  and  intensity.' 

There  must  be  some  singular  volcanic  action  connected  with 
Great  Britain  which  has  occasioned  255  slight  shocks  of  earth- 
quake, of  which  139  took  place  in  Scotland  ;  they  have  been  for 
the  most  part  confined  to  the  neighbourhood  of  Comrie,  in  Perth- 
shire, in  1839  ;  of  the  rest  14  took  place  on  the  borders  of  York- 
shire and  Derbyshire,  30  in  Wales,  and  31  on  the  S.  coast  of 
England.  JNIr.  Mallet  ascertained  that  the  direction  of  the  wave 
of  shock  of  the  earthquake  that  happened  in  November  1852  was 
inchned  to  the  horizon  at  an  angle  of  26°  or  30° ;  and,  assuming  the 
origin  to  have  been  even  somewhere  between  Great  Britain  and 
Lisbon,  the  depth  of  the  focus  must  have  been  very  great ;  that 
earthquake  extended  over  the  greater  portion  of  the  British  Isles, 
the  maximum  disturbance  on  the  surface  being  about  Shi-opshire. 
The  mean  direction  of  the  British  earthquakes  probably  passes 
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through  the  focus  of  the  Lisbon  earthquakes  and  that  of  the 
Canary  Islands. 

§  9.  Probable  causes,  and   various  kinds,   of  Eartb- 
quakes.— Earthquakes,  like  volcanoes,  are  the  result  of  the  de- 
velopment of  heat  and  chemical  action  at  various  depths  in  the 
interior  of  the  globe.    Fractures  and  sudden  heavings  and  subsi- , 
dences  in  the  flexible  crust  of  the  globe  result  from  the  pressiu-e  of 
the  liquid  matter,  vapour,  and  gases  in  its' interior.    'The  flexi- 
bility of  certain  parts  of  the  earth's  crust,  as  deduced  from  observ- 
ations on  earthquakes,  may  imply  the  continuous  existence  of 
vast  reservoirs  of  melted  matter  beneath  the  surface,  but  such, 
nevertheless,  as  might  hold  a  very  subordinate  place  in  the  earth's 
crust.'  1    But  whether  the  initial  impulse  be  eruptive,  or  a  sudden 
pressm-e  upwards,  the  shock  originating  in  that  point  is  propagated 
through  the  elastic  surface  of  the  earth  in  a  series  of  circular  or 
oval  undulations,  similar  to  those  produced  by  dropping  a  stone 
into  a  pool,  and  like  them  they  become  broader  and  lower  as  the 
distance  increases  tiU  they  gradually  subside  ;  in  this  manner  the 
shock  travels  thi-ough  the  land,  becoming  weaker  and  weaker  tiU 
it  terminates.    When  the  impulse  begins  in  the  interior  of  a  conti- 
nent, the  elastic  wave  is  propagated  thi^ough  the  solid  crust  of  the 
earth,  as  sound  is  thi'ough  the  air,  and  is  transmitted  from  the 
former  to  the  ocean  where  it  is  finally  spent  and  lost,  or,  if  very 
powerful,  is  continued  in  the  opposite  land.    In  1854,  Avheu  the 
town  of  Yedo  was  engulfed,  and  a  Kussiau  frigate  was  wrecked 
by  the  ti-emendous  waves  that  repeatedly  rolled  on  the  beach  of  the 
island  during  a  great  earthquake,  remarkable  waves  were  recorded 
to  have  been  observed  on  the  coast  of  California  a  few  hours  after- 
wards. The  earthquake  of  1868,  which  was  so  destructive  in  Peru 
and  Ecuador,  ruined  the  strip  of  land  at  the  western  foot  of  the 
Andes,  from  Iburra  in  Ecuador  to  Iquique  in  Peru,  1200  m  in 
length,  levelled  to  the  ground  the  cities  of  Arequipa,  Iquique,  Arica, 
and  Pasco,  destroying  20,000  lives  and  60,000,000L  worth  of  pro- 
perty.   The  earth  opened  in  all  the  plains  round  Arequipa,  old 
volcanoes  burst  forth,  and  where  Ootacachi  stood  is  now  a  lake 
The  wave  which  was  seen  from  Arica  to  roll  in  and  strike  the  mole 
to  pieces  came  probably  from  a  line  in  the  sea  parallel  to  the  coast, 
where  the  most  violent  subterranean  disturbance  happened.  From 
this  tract  as  a  centre  the  shock  was  propagated  in  all  directions  : 
to  Australia,  New  Zealand,  the  Sandwich  Islands,  and  Cahfornia  • 
passing  m  its  course  over  one  fourth  of  the  circuit,  and  covering  in 

WniilrTf  '  ^"^"T^^^^  °f  Geology,'  lOth  edition,  1868.  See,  however.  Sir 
William  Thompson's  paper  on  the  'Internal  Temperature  of  the  Earth' 
read  before  the  British  Association  at  Glasgow,  Seplember  1876.  ' 
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surface  an  eighth  of  the  area  of  the  globe.  At  Arica  and  Iquiqiie 
the  earthquake  was  observed  on  April  13,  at  5  p.ji.  ;  the  water 
wave  was  felt  at  Obatham  Islands  on  the  15th,  between  1  and 
2  A.M.,  and  on  the  coast  of  New  Zealand  at  3  or  4  a.k.  ;  at  Sydney 
it  occTU'red  at  2.30  a.m.  ;  at  Hilo,  in  the  Sandwich  Islands,  it  was 
felt  on  the  14th,  15th,  and  16th ;  and  at  San  Pedro  on  the  OaU- 
fornian  coast,  on  the  15th.  The  velocity  of  the  water  wave  per 
minute  was  6^  m.,  and  per  hour  above  400  m.  Many  of  the  great 
earthquakes,  however,  have  their  origin  beneath  the  bed  of  the 
ocean,  far  from  laud,  whence  the  shocks  extend  in  undulations  to 
the  surrounding  shores. 

From  observations  of  earthquakes  recorded  as  being  felt  at  sea, 
a  great  submarine  active  volcanic  area,  fii-st  noticed  by  M.  Daussy, 
is  believed  to  exist  in  the  bed  of  the  Atlantic,  nearly  midway 
between  Cape  Palmas  on  the  W.  coast  of  Africa  and  Cape  San 
Roque  on  the  coast  of  Brazil.  This  vast,  disturbed,  and  perhaps 
partially  igneous  ocean  floor  can  be  no  less  than  9°  in  length  from 
W.  to  E.,  and  from  3°  to  4°  in  breadth  from  N.  to  S.  Within  this 
area,  equal  in  size  to  Great  Britain,  ships  have  been  violently 
shaken,  so  that  the  crew  thought  they  had  struck  on  a  rock,  but 
on  sounding  found  deep  water :  noises  have  been  heard,  tremblings 
felt ;  and  on  one  occasion  volcanic  ashes  or  cinders  were  found  on 
the  surface  of  the  sea  when  much  agitated.  This  is  an^bject  of 
such  high  geological  interest  as  to  be  worthy  of  being  investigated 
by  deep  sea  sounding. 

No  doubt  many  shocks  of  small  intensity  are  imperceptible :  it 
is  only  the  violent  efforts  of  the  internal  forces  that  can  overcome 
the  pressure  of  the  ocean's  bed,  and  that  of  the  superincumbent 
water.  The  internal  pressure  is  supposed  to  find  relief  most  readily 
in  a  belt  of  great  breadth  that  surrounds  the  laud  at  a  consider- 
able distance  from  the  coast,  and  being  formed  of  debris,  the 
internal  temperature  is  in  a  perpetual  state  of  fluctuation,  which 
would  seem  to  give  rise  to  sudden  flexiu'es  and  submarine  erup- 
tions. 

When  the  original  impulse  is  a  fracture  or  eruption  of  lava  in 
the  bed  of  the  deep  ocean,  two  kinds  of  waves  or  undulations  are 
produced  and  propagated  simultaneously — one  through  the  bed  of 
the  ocean,  which  is  the  true  earthquake  shock,  and  coincident  with 
this  a  wave  is  formed  and  propagated  on  the  sm-face  of  the  ocean, 
which  rolls  to  the  shore,  and  reaches  it  in  time  to  complete  the- 
destruction  long  after  the  shock  or  wave  through  tbe  solid  ocean 
bed  has  arrived  and  spent  itself  on  the  land.  The  sea  rose  50  ft. 
at  Lisbon,  and  60  at  Cadiz,  after  the  great  earthquake  ;  it  rose  and 
fell  18  timel  at  Tangier  on  the  coast  of  Africa,  and  16  times  at 
Funchal  in  Madeii-a.    At  Kinsale  a  body  of  water  rushed  into 
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the  harbour,  and  the  water  in  Loch  Lomond  in  Scotland  rose  2  ft. 
4  in. — so  extensive  was  the  oceanic  wave.^  The  height  to  which 
the  surface  of  the  gi-ound  is  elevated,  or  the  vertical  height  of  the 
shock  wave,  varies  from  1  in.  to  2  or  3  ft.  This  earth  wave  on 
passing  under  deep  water  is  imperceptible,  but  when  it  comes  to 
soundings,  it  carries  with  it  to  the  land  a  long  flat  aqueous  wave  ; 
on  arriving  at  the  beach,  the  water  drops  in  arrear  from  the  superior 
velocity  of  the  shock,  so  that  at  that  moment  the  sea  seems  to 
recede  before  the  great  ocean  wave  arrives.  It  is  the  small  forced 
wave  that  gives  the  shock  to  ships,  and  not  the  great  one  ;  but 
when  ships  are  struck  in  very  deep  water,  the  centre  of  disturb- 
ance is  either  immediately  or  very  nearly  under  the  vessel. 

Thi-ee  other  series  of  undulations  are  formed  simultaneously 
with  the  preceding,  by  which  the  soimd  of  the  explosion  is  conveyed 
through  the  earth,  the  ocean,  and  the  air  with  different  velocities. 
That  through  the  earth  travels  at  the  rate  of  from  7000  to  10,000 
ft.  per  second  in  hard  rock,  somewhat  less  in  looser  materials, 
and  an-ives  at  the  coast  a  short  time  before,  or  at  the  same  moment 
with  the  shock,  and  produces  the  hollow  sounds  that  are  the  har- 
bingers of  ruin ;  then  follows  a  continuous  succession  of  sounds  like 
the  rolling  of  distant  thunder,  formed  first  by  the  noise  propagated 
m  undulations  thi-ough  the  water  of  the  sea,  which  travels  at  the 
rate  of  4700  ft.  per  second ;  and  lastly  by  that  passing  through 
the  air,  which  only  takes  place  when  the  origin  of  the  earthquake 
is  a  submarine  explosion,  and  travels  with  a  velocity  of  1123  ft. 
per  second.  The  rolling  sounds  precede  the  arrival  of  the  great 
oceanic  wave  on  the  coasts,  and  are  continued  after  the  terrific 
catastrophe  when  the  eruption  is  extensive.^ 

When  there  is  a  succession  of  shocks,  aU  the  phenomena  are 
repeated.  Sounds  sometimes  occm-  when  there  is  no  earthquake  : 
they  were  heard  on  the  plains  of  the  Apure  in  Venezuela,  at  the 
moment  the  volcano  in  St.  Vincent's,  700  m.  ofiE",  discharged  a 
stream  of  lava.  The  bellowings  of  Guanaxuato  afibrd  a  singular 
instance  :  these  subterranean  noises  have  been  heard  for  a  month 
iminterruptedly,  when  there  was  no  earthquake  felt  on  the  table- 
land of  Mexico,  nor  in  the  rich  silver  mines  1600  ft.  below  its 
.surface. 


1  MitcheU  on  the '  Causes  of  Earthquakes,'  in '  Philosophical  Transactions ' 
for  1760. 

2  Thus,  when  an  earthquake  begins  under  the  ocean,  it  occasions  five 
(iistmct  series  of  waves  or  undulations,  all  of  which  are  subject  to  the  same 
]aws  of  motion,  namely,  the  earth  wave,  the  water  wave,  and  three  othei 
series  of  waves  arising  f,-om  the  passage  of  the  sound  of  the  explosior 
through  the  air,  the  earth,  and  the  water.  For  the  laws  of  Sound,  see 
'  Connexion  of  the  Physical  Sciences. ' 

N  2 


180 


PHYSICAL  GEOGRAPHY. 


Chap.  XV. 


The  velocity  of  tlie  great  oceanic  wave  varies  as  tlie  square  root 
of  the  depth  ;  it  consequently  has  a  rapid  progress  tlirough  deep 
vsrater,  and  a  slower  when  it  reaches  to  soundings.  That  raised 
during  the  earthquake  at  Lisbon  travelled  to  Barbadoes  at  the  rate 
of  7*8  m.,  and  to  Portsmouth  at  the  rate  of  little  more  than  2  m. 
per  minute.  The  velocity  of  the  shock  varies  with  the  elasticity 
of  the  strata  it  passes  through.  The  imdulations  of  the  earth  are 
svibject  to  the  same  laws  as  those  of  light  and  sound ;  so,  when 
the  shock  or  earth  wave  passes  through  strata  of  difierent  elasticity 
it  will  be  partly  reflected  and  a  wave  will  be  sent  back,  producing 
a  shock  in  a  contrary  direction,  and  partly  refracted,  or  its  course 
changed,  so  that  shocks  will  occm-  both  upwards  and  downwards, 
to  the  right  or  to  the  left  of  the  original  line  of  transit.  Hence 
most  damage  is  done  at  the  jimction  of  deep  alluvial  plains  with 
the  hard  strata  of  the  mountains,  as  in  the  great  earthquake  in 
Oalabria  a.d.  ITSS. 

When  the  height  of  the  undulations  is  small  the  earthquake 
will  be  a  horizontal  motion,  which  is  the  least  destructive ;  when 
the  height  is  great  the  centi-al  and  horizontal  motions  are  combined 
and  the  effect  is  terrible.  The  concussion  was  upwards  in  the  earth- 
quake which  took  place  at  Eiobamba  in  1797.  Baron  Humboldt 
mentions  that  some  of  the  inhabitants  were  thrown  several  hundred 
feet  high  and  across  a  river  on  to  a  neighbouring  mountain.  The 
worst  of  all  is  a  verticose  or  twisting  motion,  which  nothing  can 
resist ;  it  is  occasioned  by  the  crossing  of  two  waves  of  horizontal 
vibration  which  unite  at  their  point  of  intersection  and  form  a 
rotatory  movement.  This  and  tlie  interferences  of  shocks  arriving 
at  the  same  point  from  different  origins  or  routes  of  different  length, 
account  for  the  repose  in  some  places,  and  those  extraordinary 
phenomena  that  took  place  during  the  earthquake  of  1873  in  Cala- 
bria, where  the  shock  diverged  on  all  sides  fi'om  a  centre  thi-ough 
a  hifrlily  elastic  base*  covered  with  aUuvial  soil,  which  was  tossed 
about  in  every  direction.  The  dynamics  of  earthquakes  have  been 
ably  discussed  by  Mr.  Mallet  in  a  very  interesting  paper  in  the 
'  Transactions  of  the  Royal  Irish  Academy.' 

There  are  few  places  where  the  earth  is  long  at  rest,  for  inde- 
pendently of  those  secular  elevations  and  subsidences  that  are  in 
progress  over  such  extensive  tracts  of  country,  small  earthquake 
shocks  must  be  much  more  frequent  than  we  imagine,  though  im- 
perceptible to  oua>  senses,  and  only  to  be  detected  by  means  of 
instruments.  The  shock  of  an  earthquake  at  Lyons  in  February 
1822  was  not  generally  perceptible  at  Paris,  yet  the  wave  reached 
and  passed  under  that  city,  and  was  detected  by  the  oscillation  of 
the  large  declination  needle  at  the  Observatory,  which  had  pre- 
viously been  at  rest. 
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The  imdiilations  of  some  of  the  great  earthquakes  have  spread 
to  an  enormous  extent.  The  movement  of  the  earthquake  of  1868, 
-which  has  heen  referred  to,  was  felt  from  8°  S.  to  42°  S.,  and  at 
Juan  Fernandez.  The  earthquake  that  happened  in  1842,  in 
Guadaloupe,  was  felt  over  an  extent  of  3000  m.  in  length  ;  and 
that  which  destroyed  Lisbon  had  its  origin  in  the  bed  of  the  At- 
lantic, from  whence  shocks  extended  over  an  area  of  about  700,000 
sq.  m.,  or  a  twelfth  part  of  the  circumference  of  the  globe :  the 
West  Indian  Islands,  and  the  lakes  in  Scotland,  Norway,  and 
Sweden  were  agitated  by  it.  In  linear  distance  the  effects  of  that 
earthquake  extended  through  300  m.,  the  shocks  were  felt  thi-ough 
a  line  of  2700  m.,  and  the  vibrations  or  tremors  were  perceptible 
in  water  through  4000  m.  It  began  without  warning,  and  in  five 
minutes  the  city  was  a  heap  of  ruins. 

The  earthquake  of  Calabria,  in  1783,  which  completely  changed 
the  face  of  the  country,  only  lasted  two  minutes  ;  it  was  not  very 
extensive,  yet  all  the  towns  and  villages  for  22  m.  round  the  small 
town  of  Oppido  were  utterly  ruined.  The  destruction  is  generally 
accomplished  in  a  fearfully  short  time  :  the  earthquake  at  Caracas, 
in  March  1812,  consisted  of  three  shocks,  which  lasted  three  or 
fom'  seconds,  separated  by  such  short  intervals  that  in  -60  seconds 
10,000  people  perished.  Baron  Humboldt's  works  are  full  of  u>- 
teresting  details  on  this  subject,  especially  with  regard  to  the  tre- 
mendous convulsions  in  South  America. 

Sometimes  a  shock  has  been  perceived  rmdergTOund  which  was 
not  felt  at  the  surface,  as  in  the  year  1802,  in  the  silver  mine  of 
Marienberg  in  the  Harz.  In  some  instances  miners  have  been 
insensible  to  shocks  felt  on  the  surface  above,  as  happened  at 
Fahlun  in  Sweden  in  1823— circumstances  in  both  instances  de- 
pending on  the  elasticity  of  the  strata,  the  depth  of  the  impulses, 
or  obstacles  that  may  have  changed  the  course  of  the  terrestrial 
undulation.  During  earthquakes  dislocations  of  strata  take  place, 
the  courses  of  rivers  are  changed,  and  in  some  instances  rivers  have 
been  permanently  dried  up  ;  rocks  are  hurled  down,  masses  raised 
up  and  the  configuration  of  the  country  altered  ;  but  if  there  be  no 
fracture  at  the  point  of  original  impulse  there  will  be  no  noise. 

§  10.  Changre  In  the  I.evel  of  Xiand  arising:  from  Earth- 
quakes.— The  power  of  the  earthquake  in  raising  and  depressing 
the  land  has  long  been  well  known,  but  the  gradual  and  almost  im- 
perceptible change  of  level  through  immense  tracts  of  the  globe  is 
altogether  a  recent  discovery ;  it  lias  been  ascribed  to  the  expansion 
of  rocks  by  heat,  and  subsequent  contraction  by  the  retreat  of  the 
melted  matter  from  below  them.  It  is  not  at  all  improbable  that 
there  may  be  motions  like  tides  ebbing  and  flowing  in  the  internal 
lava,  for  the  changes  are  by  no  means  confined  to  those  enormous 
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elevations  and  subsidences  that  appear  to  be  in  progress  in  the 
basin  of  the  Pacific  and  its  coasts,  nor  to  the  Andes  and  the  great 
plains  E.  of  them— countries  for  the  most  part  subject  to  earth- 
quakes ;  they  take  place  to  a  vast  extent  in  regions  where  thfese 
convulsions  are  unknown.  There  seems  to  be  an  exti-aordinary  flexi- 
bility in  the  crust  of  the  globe  from  the  54th  or  65th  parallel  of  N. 
latitude  to  the  Arctic  Ocean.  A  line  crosses  Sweden  from  E.  to 
W.  in  the  parallel  of  56°  3'  N.  lat.,  along  which  the  ground  is  per- 
fectly stable  and  has  been  so  for  centuries.  To  the  N.  of  it  for 
1000  m.,  between  Gottenburg  and  North  Cape,  the  ground  is 
rising ;  the  maximum  elevation,  which  takes  place  at  North  Cape, 
being  at  the  rate  of  5  ft.  in  a  century.  At  Gefle  90  m.  N.  of 
Stockholm  it  is  about  2  or  3  ft.  per  century,  and  fi-om  thence  it 
gradually  diminishes  to  6  in.  per  century  at  Stockholm.  S.  of  the 
line  of  stability,  on  the  contrary,  the  land  is  sinking  thi'ough  part 
of  Ohristianstad  and  Malmo,  for  the  \iEage  of  Stassten  in  Scania 
is  now  380  ft.  nearer  to  the  Baltic  than  it  was  in  the  time  of 
Linnseus,  who  measm-ed  it.  The  coast  of  Denmark  on  the  Sound  ; 
the  island  of  Saltholm  opposite  to  Copenhagen ;  and  that  of  Born- 
holm  are  rising,  the  latter  at  the  rate  of  a  foot  por  century.  The 
eoast  of  Memel  on  the  Baltic  has  actually  risen  16  inches  within 
the  last  40  years,  while  the  coast  of  Pillau  has  sunk  down  an  inch 
and  a  half  in  the  same  period.  The  W.  coast  of  Denmark,  part  of 
the  Faroe  Islands,  and  the  W.  coast  of  Greenland  are  all  being  de- 
pressed below  their  former  level.  In  Greenland  the  encroachment 
of  the  sea,  in  consequence  of  the  change  of  level,  has  submerged 
ancient  buildings  on  the  low  rocky  islands  and  on  the  mainland. 
The  Greenlauder  never  builds  near  the  sea  on  that  accoimt,  and 
the  Moravian  settlers  have  had  to  move  inland  the  poles  to  which 
they  moor  their  boats.  It  has  been  in  progress  for  four  centuries, 
and  extends  through  600  m.,  from  Igalito  Firth  to  Disco  Bay.^ 
Mr.  Robert  Chambers  has  shown  that  in  our  own  country  the  land 
has  been  for  ages  on  the  rise,  and  that  the  parallel  roads  in  Glen 
Roy,  which  have  so  long  afforded  matter  of  discussion,  are  merely 
margins  left  by  the  retreat  of  the  water,  as  the  land  alternately 
rose  and  remained  stationary.  In  the  present  day  the  elevation  is 
going  on  in  many  places,  especially  on  the  Moray  Firth  and  in  tiie 
Channel  Islands.  The  notice  of  this  ciuious  subject  of  the  gradual 
changes  of  level  in  the  land  was  chiefly  revived  by  Sir  Charles 
Lyell,  in  whose  very  instructive  works  on  geology  all  the  details 
wiU  be  found.^ 


1  Captnin  Graah's  Survey,  in  1823-4  and  Dr.  Pingel,  1830-2. 

2  L)  ell's  '  Principles  of  Geology.'    See  also  Dr.  Darwin's  observations 
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OHAKTEE  XVI. 

THE  AECXIC  AND  ANTARCTIC  REGIONS. 

§  1.  Arctic  Xaands. — The  continent  of  North  America  seems  to 
have  been  shattered  and  broken  up  by  the  Polar  Ocean  into  a  vast 
number  of  fragments  of  great  size  all  bearing  more  or  less  the 
severe  character  of  Arctic  lands.  It  may  be  that  the  land  is  sinking 
down  or  rising  up,  for  in  either  case  appearances  would  be  the  same, 
but  the  climate  would  improve  in  the  first,  and  would  be,  if  pos- 
sible, more  rigorous  in  the  second.  Immediately  to  the  N.  of  the 
continent,  land  of  great  extent  lies  between  69°  and  76°  N.  lat.,  and 
stretching  nearly  from  60°  to  125^  W.  long.  On  the  S.  this 
mass  of  land  is  separated  from  the  continent  by  the  Dolphin, 
Union,  and  Dease  Straits.  The  Arctic  Ocean  bounds  it  on  the 
W. ;  the  Sti'aits  of  Banks,  MelviUe,  and  Barrow,  with  Lancaster 
Sound,  on  the  N. ;  and  its  E.  limits  are  Davis  Strait  and  Baffin 
Bay.  It  is  divided  into  three  parts,  by  Prince  Regent  Inlet  and 
the  Gulf  of  Boothia  on  the  one  hand,  and  by  Prince  of  Wales 
Straiten  the  other.  The  eastern  part,  known  as  Oockburn  Island, 
is  intersected  by  various  arms  of  the  sea,  respecting  which  little 
is  known.  The  middle  part  contains  Boothia,  Victoria,  Wollaston, 
and  Prince  Albert  Lands.  Banks  Island  is  the  westerly  con- 
tinuation; its  northern  coast  was  discovered  by  Sir  Edward 
Parry,  who  gave  it  the  name  of  Banks  •,  and  Captain  M'Oliu'e,  in 
his  voyage  fi'om  Behring  Strait,  first  discovered  its  most  southerly 
point.  Prince  of  Wales  Strait,  which  separates  it  from  Prince 
Albert  Land,  and  afterwards  all  but  circumnavigated  the  island. 
Besides  these  three  principal  parts.  North  Somerset  Island,  lying 
immediately  S.  of  Barrow  Strait,  forms  a  northern  continuation 
of  Boothia,  only  separated  from  it  by  the  narrow  passage  called 
Bellot  Strait. 

N.  of  that  long  line  of  narrow  seas  or  straits  that  stretches 
from  Banks  Island  to  Baffin  Bay,  lie  Prince  Patrick,  Melville, 
Byam  Martin,  Bathurst,  and  Oornwallis  Islands,  celebrated  in 
the  annals  of  Arctic  discovery  as  Parry  Lands.  Beyond  this 
is  the  great  oceanic  inlet  of  Wellington  Channel,  formerly  the 
object  of  so  much  Arctic  research,  and  forming  its  eastern  side. 


on  the  same  subject,  in  the  '  Voyage  of  the  "  Adventure  "  and  "  Beagle ; " '  M. 
Domeyko,  'Sur  les  Lignes  d'ancien  Niveau  de  I'Ocean  du  Sud,  auxl^nvirons 
de  Coquimbo,' in  '  Annales  des  Mines,'  1848;  and  for  an  illustration  of  the 
whole  of  this  chapter,  the  maps  of  active  volcanoes,  of  volcanic  pheaomenn^ 
and  earthquakes,  in  Koitli  Johnston's  '  Physical  Atlases.' 
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The  Island  of  North  Devon  lies  more  to  the  E.,  and  ends  in 
Baffin  Bay;  on  theN.it  is  divided  by  Jones  Sound  from  North 
Lincoln  and  EUesmere  Island,  which  has  been  traced  as  far  as 
Victoria  Head,  in  78°  28'  21-  N.  lat,  by  Captain  Inglefield,  who 
discovered  that  it  is  separated  from  Greenland  by  Smith  Sound,  and 
who  supposed  that  the  latter  is  a  strait  leading  from  Baffin  Bay 
into  the  Polar  Ocean.  A  gUmpse  of  the  supposed  open  Polar  Sea 
m  this  direction  was  obtained  by  Morton  in  Dr.  Kane's  celebrated 
expedition;  afterwards  Dr.  Hayes  reached  a  higher  point  in  the 
strait  and  confirmed  this  important  discovery.  It  was  by  Smith 
Sound  that  Captain  Sherard  Osboru  advocated  an  attempt  being 
made  to  reach  the  Pole  itself,  by  sledging  along  the  coast  or  across 
the  ice  in  spring:  but  the  Arctic  Expedition  of  1875-6  imder 
Captain  Nares  has  demonstrated  the  impracticability  of  reaching 
the  Pole  by  this  route  and  in  this  manner.  The  '  Alert '  attained 
the  limit  of  navigation  on  the  S.  shore  of  the  impenetrable  Polar 
Sea,  and  wintered  in  lat.  82°  27'.  By  laborious  journeys  over 
nigged  ice,  in  which  it  was  found  impossible  to  get  the  'sledges 
more  than  one  mile  a  day,  lat.  83°  20'  was  made,  at  a  spot  400  m- 
S.  of  the  Pole.  Her  consort,  the  'Discovery,'  wintered  in  lat. 
81°  44'. 

§  2.  Greenland,  the  most  extensive  of  the  Arctic  lands,  begins 
with  the  lofty  promontory  of  Cape  FareweU,  the  S.  exti-emitv  of  a 
group  of  rocky  islands,  which  are  separated  by  a  channel  5  m.' wide 
from  a  table-land  of  appalling  aspect,  narrow  to  the  S.,  but  in- 
creasing in  breadth  northward  to  a  distance  of  which  above  2000 
m.  have  been  traced  along  the  W.  coast.  This  table-land,  extend- 
ing over  an  area  of  some  750,000  sq.  m.,  is  boimded  by  moun- 
tains rising  from  the  deep  in  mural  precipices,  which  terminate 
in  needles  and  pyramids,  or  in  parallel  terraces,  of  alternate  snow 
and  bare  rock,  occasionally  leaving  a  narrow  shore.  The  coating 
of  ice  is  so  continuous  and  thick  that  the  surface  of  the  table-land 
may  be  regarded  as  one  enormous  field  of  ice,  which  overlaps  the 
rocky  edges  2000  ft.  high,  and  dips  in  icy  platforms  through  the 
fjords  between  the  moimtain  peaks  into  the  sea. 

The  coasts  are  beset  with  rocky  islands,  and  cloven  by  fjords, 
some  of  which  wind  like  rivers  far  into  the  interior."  These 
deep  inlets  of  the  sea,  now  sparkling  in  sunshine,  now  shaded 
in  gloom,  are  hemmed  in  by  walls  of  rock  often  2000  ft.  high, 
whose  summits  are  hid  in  the  clouds.  They  generally  terminate 
in  glaciers,  which  are  forced  on  by  the  pressm-e  of  the  upper 
ice  plains  till  they  fill  the  fjord,  and  even  project  fai"  into  the  sea 
like  bold  headlands ;  when  undermined  by  the  surge  huge  masses 
of  ice  fall  from  them  with  a  crash  like  thunder,  making  the  sea 
boil,  and  the  commotion  often  extends  to  a  distance  of  16  m. 
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While  traTelliug  along  the  W.  coast  of  Greenland,  Dr.  H.  Einks 
counted  23  icy  platforms  descending  fi-om  the  table-land  into  the 
fjords,  and  forcing  the  ice  in  many  cases  far  into  the  sea,  especially 
between  67^°  and  73°  N.  lat.  Xow  the  thickness  of  the  plain  of 
ice  cannot  be  less  than  the  least  diameter  of  the  icebergs,  which 
are  its  fragments ;  and  as  many  icebergs  are  100  or  160  ft.  high 
and  4000  ft.  in  circimiference,  and  since  two  thirds  of  their  mass 
is  imder  water.  Dr.  Einks  computes  that  between  the  preceding 
parallels  the  plain  of  ice  covering  Greenland  must  be  1000  ft. 
thick.  These  icy  platforms  are  probably  the  chief  som-ces  of  ice- 
bergs in  BaiEn  Bay  and  Davis  Sti'ait,  which,  carried  by  currents, 
are  stranded  on  the  Arctic  coast,  or  drawn  into  lower  latitudes. 
The  ice  is  very  transparent  and  compact  in  the  Arctic  regions ;  its 
prevailing  tints  are  blue,  green,  and  orange,  Avhich,  contrasted  with 
the  dazzling  whiteness  of  the  snow,  and  the  gloomy  bue  of  the 
rocks,  produce  a  striking  effect. 

A  gi-eat  fjord  in  68°  N.  lat.  is  supposed  to  extend  completely 
across  the  table-land,  dividing  the  country  into  S.  and  N.  Green- 
land, which  last  extends  to  an  unknown  distance  towards  the 
Pole  on  the  E.  coast,  which  is  altogether  inaccessible  from  the 
frozen  sea  and  ironboimd  shore,  so  that,  except  along  the  coast,  it 
is  an  unexplored  region.  But  on  the  W.  side,  Dr.  Kane  reached 
Its  northern  termination  in'  82°  22'  N.  lat.,  and  65°  So'  W.  long., 
where  it  was  washed  by  the  Polar  Ocean ;  so  that  it  is  imconnected 
witb  the  polar  lands  to  the  W.,  and  is  consequently  a  great  island. 
In  some  sheltered  spots  in  S.  Greenland,  especially  along  the 
borders  of  the  fjords,  there  are  meadows  where  tSe  service  ti-ee  bears 
frmt,  beech  and  willow  grow  by  the  streams,  but  not  taller  than  a 
man  ;  still  farther  N.  the  willow  and  jimiper  scarcely  rise  above  the 
sm-face ;  yet  this  country  has  a  flora  peculiar  to  itself.  S.  of  the 
Island  of  Disco,  on  the  W.  coast,  Danish  colonies  and  Moravian 
missionaries  have  formed  settlements  on  some  of  the  islands  and  at 
the  mouths  of  fjords  ;  the  Esquimaux  inhabit  the  coasts  even  to 
the  N.  extremity  of  Baffin  Bay. 

§  3  spitzbergon.— All  the  pelagic  islands  in  the  Arctic  Ocean 
are  highly  volcanic,  except  Spitzbergen.  In  the  gi-eat  Ai-chipelago 
oi  bpitzbergen  the  moimtains  spring  sharp  and  majestic  from  the 
margm  ol  the  sea  m  dark  gloomy  masses,  mixed  with  pm-e  snow 
and  enormous  g  aciers,  presenting  a  sublime  spectacle.  Seven 
val  eys  felled  by  glaciers  ending  at  the  sea  form  a  remarkable  object 
on  the  E.  coast.  One  of  the  largest  masses  of  ice  seen  by  Captain 
bcoresby  on  these  islands  extended  11  m.  along  the  shore,  N  of 
Horn  Soimd,  with  a  sea  face  in  one  part  more  than  2000  ft.  high 
ihe  sun  IS  not  seen  for  several  months  in  the  year,  and  the  cold 
IS  consequently  intense.  Since  1858  the  Swedes  bave  sent  five 
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scientific  expeditions  to  Spitzbergen,  and  have  greatly  extended 
our  knowledge  of  the  geography  and  productions  of  this  group  of 
islands.  Tertiary  deposits  have  been  found,  with  fossil  plants, 
proving  that  the  islands  at  that  epoch  had  a  temperate  climate. 

Although  the  direct  rays  of  the  sun  are  powerful  in  sheltered 
spots  within  the  Arctic  Circle  the  thermometer  does  not  rise  above 
46°  Fahr.  July  is  the  only  month  in  which  snow  does  not  fall, 
and  in  the  end  of  August  the  sea  at  night  is  covered  with  a  thin 
coating  of  ice,  and  a  summer  often  passes  without  a  single  warm 
day.  The  suow  blink,  the  am-ora  borealis,  the  stars,  and  the  moon, 
which  when  in  her  northern  declination  appears  above  the  horizon 
for  10  or  12  days  without  intermission,  fiu-nish  the  principal  light 
the -inhabitants  enjoy  during  their  long  and  dreary  winter. 

§  4.  Iceland  is  250  m.  E.  from  Greenland,  and  lies  S.  of  the 
Arctic  Circle,  which  its  most  N.  part  touches.  Though  embracing 
an  estimated  area  of  nearly  40,000  sq.  m.,  only  about  16,000  sq. 
m.  are  habitable,  the  rest  being  a  chaos  of  volcanoes  and  ice. 

The  peciilisEi"  featm'e  of  Iceland  is  a  trachytic  region,  which 
seems  to  rest  on  an  ocean  of  fire.  It  consists  of  two  vast  parallel 
table-lands  covered  with  ice  clad  mountains,  stretching  from  N.E. 
to  S.W.  through  the  centre  of  the  island,  separated  by  a  longi- 
tudinal valley  nearly  100  m.  wide,  which  reaches  from  sea  to  sea. 
These  mountains  assume  rounded  fornis,  with  long  level  simamits  or 
domes  with  sloping  declivities,  as  in  the  trachytic  mountains  of  the 
Andes  and  elsewhere ;  but  such  huge  masses  of  tufa  and  conglo- 
merate project  from  their  sides  in  perpendicular  or  overhanging 
precipices,  separated  by  deep  ravines,  that  the  regularity  of  their 
structm-e  can  only  be  perceived  from  a  distance;  they  conceal 
under  a  cold  and  tranquil  coating  of  ice  the  fiery  germs  of  terrific 
convulsions,  sometimes  bursting  into  dreadful  activity,  sometimes 
remaining  quiescent  for  ages.  The  most  extensive  of  the  two 
parallel  ranges  of  Jokuls  or  Ice  Mountains  runs  along  the  E.  side  of 
the  valley,  and  contains  Oraefa  Jokul  (6408  ft.),  the  highest  point 
in  Iceland,  seen  like  a  white  cloud  from  a  great  distance  at  sea : 
the  western  high  land  passes  thi-ough  the  centre  of  the  island. 

Plains  of  ice  cover  a  vast  area  in  Iceland,  and  glaciers  descend- 
ino'  from  tlie  mountains  push  far  into  the  lowlands.  This  tendency 
of°the  ice  to  encroach  has  materially  diminished  the  quantitj^  of 
habitable  ground,  and  the  progress  of  the  ice  plains  is  faciUtated 
by  the  influence  of  the  subterranean  fire,  which  heats  the  super- 
incumbent ground,  and  loosens  the  ice.  _ 

The  longitudinal  space  between  the  moimtainous  table-lands  is 
a  low  valley  100  m.  wide,  extending  from  sea  to  sea,  wliere  a  sub- 
stratum of  trachyte  is  covered  with  lava,  sand,  and  ashes,  studded 
with  low  volcanic  cones.    It  is  a  tremendous  desert,  never  ap- 
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proached  witliout  dread  even  by  the  natives — a  scene  of  perpetual 
conflict  between  the  antagonistic  powers  of  fire  and  frost,  without 
a  drop  of  water  or  a  blade  of  grass  ;  no  living  creature  is  to  be  seen 
— not  a  bird,  nor  even  an  insect.     The  surface  is  a  confused  mass 
of  streams  of  lava  rent  by  crevices ;  rocks  piled  on  rocks,  and  occa- 
sional glaciers  complete  the  scene  of  desolation.    As  herds  of  rein- 
deer are  seen  browsing  on  the  lichens  that  grow  at  its  edges,  it 
is  presumed  that  some  unknown  parts  may  be  less  bai-ren.  The 
extremities  of  the  vaUey  are  more  especially  the  seats  of  per- 
petual volcanic  activity.    At  the  S.  end,  which  opens  to  the  sea  in 
a  wide  plain,  there  are  many  volcanoes,  of  which  Hecla  is  most 
known,  from  its  insulated  position,  its  vicinity  to  the  coast, 
and  its  terrific  eruptions.     Between  the  yeai-s  1004  and  1766 
twenty-three  violent  eruptions  took  place,  one  of  which  con- 
tinued 6  years,  sp'eading  devastation  over  a  country  once  the 
abode  of  a  thriving  colony,  now  covered  with  lava,  scorite,  and 
ashes :  in  the  year  1846  it  was  in  full  activity.    The  eruption  of 
the  Skaptar  Jokul,  which  broke  out  on  May  8,  1783,  and  con- 
tinued till  August,  is  one  of  the  most  dreadful  on  record.  The 
volcanic  fire  must  have  been  in  feai-fid  commotion  imder  Europe, 
for  a  tremendous  earthquake  ruined  a  wide  extent  of  Oalabria 
that  year,  and  a  submarine  volcano  had  been  burning  fiercely  for 
weeks  in  the  ocean,  30  m.  from  the  S.W.  cape  of  Iceland.  Its 
fires  suddenly  ceased,  the  island  was  shaken  by  earthquakes, 
when,  at  the  distance  of  160  m.,  they  burst  forth  with  almost 
unexampled  fury  in  Skaptar.     The  sim  was  hid  many  months  by 
dense  masses  of  vapom-,  which  extended  to  England  and  Holland, 
and  clouds  of  ashes  were  carried  himdreds  of  miles  to  sea.  The 
quantity  of  matter  thrown  out  in  this  eruption  was  computed 
at  60  or  60  thousand  millions  of  cubic  yards.    The  lava  flowed 
in  a  stream  in  places  from  20  to  30  m.  broad  and  of  enormous 
thickness,  which  fiUed  the  beds  of  rivers,  poured  into  th&  sea 
nearly  60  m.  from  the  place  of  its  eruption,  and  destroyed  the 
fishing  on  the  coast.    Some  rivers  were  heated  to  ebullition, 
others  dried  up ;  the  condensed  vapom-  fell  in  snow  and  torrents 
of  rain  ;  the  country  was  laid  waste ;  famine  and  disease  ensued ; 
and  during  the  next  two  years  1300  people  and  150,000  sheep  and 
horses  perished.   The  scene  of  horror  was  closed  by  a  dreadftd 
earthquake.    Pre^aous  to  the  explosion  an  ominous  mildness  of 
temperature  indicated  the  approach  of  the  volcanic  fire  towards 
the  surface  of  the  earth;  similar  warnings  had  been  observed 
before  in  the  eruptions  of  Hecla. 

A  semicircle  of  volcanic  mountains  on  the  E.  side  of  Lake 
Myvatn  is  the  focus  of  the  igneous  phenomena  at  the  N.  end  of 
the  great  central  valley.    Leirhnukr  and  Krabla,  on  the  N.E.  of 
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the  lake,  have  been  equally  formidable.  After  years  of  quiescence 
they  suddeuly  biu-st  into  violent  eruption,  and  pom-ed  such  a 
q^iantity  of  lava  into  Lake  Myvatn,  which  is  20  ui.  in  circum- 
ference, that  the  water  boiled  many  days.  There  are  other  volcanoes 
in  this  district  no  less  formidable.  Various  caldrons  of  boiling 
mineral  pitcli,  the  shattered  craters  of  ancient  volcanoes,  occur  at 
the  base  of  this  semicircle  of  mountains,  and  also  on  the  flanks  of 
Mount  Krabla :  these  caldrons  throw  up  jets  of  the  dark  matter, 
enveloped  in  clouds  of  steam  at  regular  intervals,  with  loud  ex- 
plosion. That  which  issues  from  the  crater  of  Ki-abla  must,  by  Mr. 
Henderson's  description,  be  one  of  the  most  terrific  objects  in  natm-e. 

The  eruptive  hoiling  spiings  of  Iceland  are  perhaps  the  most 
extraordinary  phenomena  in  tins  singvilar  country.  All  the  great 
aqueous  eruptions  occur  in  the  trachytic  formation ;  they  are 
characterised  by  their  high  temperatm-e,  by  holding  siliceous  matter 
in  solution,  which  tliey  deposit  in  the  form  of  siliceous  sinter,  and  by 
the  discharge  of  sulphuretted  hydrogen  gas.  Numerous  instances 
of  spouting  springs  occur  at  the  extremities  of  the  great  central 
valley,  especially  at  its  S.  end,  where  more  than  50  have  been 
coimted  in  the  space  of  a  few  acres — some  constant,  others  perio- 
dical— some  merely  agitated  or  stagnant.  The  Great  Geyser  and 
Strokr,  35  m.  W.  from  Hecla,  are  the  most  magnificent ;  at 
irregular  intervals  they  eject  large  columns  of  boiling  water  100 
ft.  high  enveloped  in  clouds  of  steam,  with  a  tremendous  noise. 
The  tube  of  the  Great  Geyser  whence  the  jet  issues  is  about  10 
ft.  in  diameter  and  76  ft.  deep  •,  it  opens  into  the  centre  of  a  basin 
4  ft.  deep  and  between  46  and  50  ft.  in  diameter ;  as  soon  as 
the  basin  is  filled  with  boiling  water  that  rises  through  the  tube, 
explosions  begin,  the  ground  trembles,  and  tlie  water  is  thrown  to 
the  height  of  100  or  160  ft.,  followed  by  large  volumes  of  steam. 
No  fm-ther  explosion  takes  place  tiU  the  empty  basin  and  tube 
are  again  replenished. 

MM.  Descloiseaux  and  Bunsen  in  1846  found  the  temperatm-e 
of  the  Great  Geyser,  at  the  depth  of  72  ft.,  before  a  great  eruption, 
to  be  260i°  Fahr.,  and  after  the  eruption  2oU° ;  an  interval  of 
28  hours  passed  without  any  eruption.  The  Strokr  (from  stroka  = 
*  to  agitate '),  140  yards  from  the  Great  Geyser,  is  a  circular  well 
about  44  ft.  deep,  with  an  orifice  of  8  ft,,  which  decreases  to  about 
10  inches  at  a  depth  of  27  ft.  The  surface  of  the  water  is  in  con- 
stant ebullition,  while  at  the  bottom  the  temperatm-e  exceeds  that 
of  boiling  water  by  about  24°.  The  experiments  of  M.  Donny  of 
Ghent  showed  that  water  long  boiled  becomes  more  and  more  free 
from  air,  by  which  the  cohesion  of  the  particles  is  so  much  in- 
creased that  when  it  is  exposed  to  a  heat  sufficient  to  overcome 
the  force  of  cohesion,  the  production  of  steam  is  so  instantaneous 
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and  so  considerable  as  to  cause  explosion.  To  this  cause  lie  ascribes 
the  eruptions  of  the  Geysers,  which  are  in  constant  ebullition  for 
many  hom's,  and  become  so  pm'ified  from  air  that  the  strong  heat 
at  the  bottom  at  last  overcomes  the  cohesion  of  the  particles,  and 
an  explosion  takes  place.  The  boiling  spring  of  Tunquhaer  in  the 
valley  of  Reikholt  is  remarkable  from  having  two  jets,  which  play 
alternately  for  about  4  minutes  each.  Some  springs  Qmit  gas 
only,  or  gas  with  a  small  quantity  of  water.  Such  fountains  are 
not  confined  to  the  land  or  fields  of  ice ;  they  occur  also  in  the 
sea,  and  many  issue  from  the  crevices  in  the  lava  bed  of  Lake 
Mj'-vatn,  and  rise  in  jets  above  the  surface  of  the  water. 

A  region  of  the  same  character  with  the  mountains  of  the  Ice- 
landic desert  extends  due  W.  from  it  to  the  extremity  of  the  lono- 
narrow  promontory  of  the  Snaefell  Syssel,  ending  in  the  snowclad 
cone  of  the  Snaefell  Jokul  (6964ft.),  one  of  the  most  conspicuous 
mountains  in  Iceland.  Trap  rocks,  occasionally  4000  ft.  deep, 
which  have  been  formed  by  streams  of  lava  at  very  ancient  epochs 
cover  a  great  part  of  Iceland. 

The  dismal  coasts  are  torn,  except  on  the  S.,  by  fjords,  pene- 
trating many  miles  into  the  interior,  and  spreading  into  endless 
branches.  In  these  fissures  the  sea  is  still  dark,  and  deep,  between 
walls  of  rock  1000  ft.  high.  The  fjords,  however,  do  not  here,  as  in 
Greenland,  terminate  in  glaciers,  but  are  prolonged  in  narrow 
valleys  through  which  streams  and  rivei-s  run  to  the  sea.  In  these 
valleys  the  inhabitants  have  their  abode,  or  in  meadows  which  have 
a  transient  verdure  along  some  of  the  fjords,  where  the  sea  is  so 
deep  that  ships  find  safe  anchorage. 

In  the  valleys  on  the  N.  coast,  as  they  approach  towards  the 
Arctic  Circle,  the  soil  is  wonderfully  good,  and  there  is  more  veo-e- 
tation  than  in  any  other  part  of  Iceland,  except  the  E.  shore  which 
is  the  most  favoured  portion  of  this  desolate  land.  Rivers  abound- 
ing in  fish  are  more  frequent  there  than  elsewhere ;  willows  and 
juniper  adorn  the  valleys,  and  birch  trees  20  ft.  high  gTow  in  the 
vale  of  Lagerfiest,  the  only  place  which  produces  them  laro-e 
enough  for  house  building,  and  the  verdure  is  fine  on  the  banks  of 
those  streams  which  are  heated  by  volcanic  fires.  The  clmcUe  of 
Iceland  is  much  less  rigorous  than  that  of  Greenland,  and  it  would 
be  still  milder  were  the  air  not  chilled  by  the  immense  Mds  of 
ice  from  the  Polar  Sea  which  beset  its  shores. 

The  inhabitants  are  supplied  with  fuel  by  the  GiUf  Stream  which 
brings  dntt  wood  m  great  quantities  from  Mexico,  the  Oarolinas 
Vjrgima,  and  the  River  St.  Lawrence;  and  some  even  from  the 
Pacific  Ocean  appears  to  be  drifted  by  currents  round  bv  thft 
northern  shores  of  Siberia.  The  mean  temperature  in  the  S  of 
the  island  is  about  39°  Fahr.,  that  of  the  central  districts  36°  and 
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in  the  N.  it  is  rarely  above  the  freezing  point.  The  cold  is 
most  intense  when  the  sky  is  clear,  but  that  is  a  rare  occurrence, 
as  the  moist  wind  fi'om  the  sea  covers  mountain  and  valley  with 
thick  fog-.  HuiTicanes  are  frequent  and  violent;  and  although 
thunder  is  seldom  heard  in  high  latitudes  Iceland  is  an  exception, 
for  tremendous  thunderstorms  are  not  uncommon  there — a  circum- 
stance attributed  to  the  volcanic  nature  of  that  island,  as  lightning 
accompanies  volcanic  eruptions  everywhere.  At  the  N.  end  of  the 
island  the  sun  is  always  above  the  horizon  in  the  middle  of  summer, 
and  under  it  in  mid  winter,  yet  there  is  no  absolute  darlmess. 

The  island  of  Jan  Mayen  lies  between  Iceland  and  Spitzbergen  ; 
it  is  the  most  N.  volcanic  country  known.  Its  principal  featm-e  is 
the  volcano  of  Beerenberg  (6870  ft.),  whose  snowcapped  cone, 
apparently  inaccessible,  has  been  seen  to  emit  fire  and  smoke.  It 
is  flanked  by  enormous  glaciers,  like  frozen  cataracts,  which  occupy 
three  hollows  in  an  almost  perpendicular  cliff,  descending  from 
the  base  of  the  mountain  to  the  sea. 

The  group  of  islands  of  New  Sihei-ia,  which  lie  N.  of  the  pro- 
vince of  Yakutsk,  and  in  about  78°  of  N.  lat.,  have  so  rude  a  cli- 
mate that  they  have  no  permanent  inhabitants ;  they  are  remarkable 
for  the  quantity  of  fossil  bones  they  contain  :  the  elephants'  tusks 
found  there  have  for  years  been  an  article  of  commerce. 

Franz  Joseph  Land  is  an  archipelago  in  the  Arctic  Ocean  about 
as  large  in  area  as  Spitzbergen,  and  consisting  of  several  large 
masses  of  land  which  are  intersected  by  numerous  fjords  and 
skirted  by  many  islands.  It  lies  N.  of  Novaia  Zemlia,  between 
80°  and  83°  N.  lat.,  and  was  discovered  by  the  Austi-ian  North 
Polar  expedition  under  Lieut.  Payer  in  the  spring  of  1874.  Parts 
of  the  coimtry  are  described  as  very  beautiful,  but  it  is  nowhere 
inhabited,  save  by  a  few  ice  bears. 

§  5.  Antarctic  l.ands. — The  S.  Polar  lands  are  equally 
volcanic  and  as  deeply  icebound  as  those  in  the  N.  Victoria 
Laud,  which  from  its  extent  seems  to  form  part  of  a  continent, 
was  discovered  by  Sir  James  Boss  who  commanded  the  expedition 
sent  by  the  British  Government  in  1839  to  ascertain  the  position  of 
the  S.  magnetic  pole.  This  extensive  tract  lies  S.  of  New  Zealand ; 
Oape  North,  its  most  N.  point,  is  situate  in  70°  31'  S.  lat.  and  165° 
28'  E.  long.  To  the  "W.  of  that  cape  the  N.  coast  of  this  land 
terminates  in  perpendicular  ice  cliffs,  from  200  to  600  ft.  high, 
stretching  as  far  as  the  eye  can  reach,  with  a  chain  of  grounded 
icebergs  extending  for  miles  from  their  base,  all  of  tabular  form, 
and  varying  in  size  from  1  to  9  or  10  m.  in  circumference.  A  lofty 
range  of  peaked  momitains  rises  in  the  interior  at  Oape  North, 
covered  with  unbroken  snow,  only  relieved  from  uniform  whiteness 
by  shadows  produced  by  the  undulations  of  the  sm-face.    The  in- 
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dentations  of  tlie  coast  are  filled  "with  ice  many  hundreds  of  feet 
thick,  which  makes  it  impossible  to  laud.    To  the  E.  of  OajDe 
North  the  coast  trends  first  S.E.  by  E.,  and  then  in  a  southerly 
direction  to  785-°  of  S.  lat.,  at  which  point  it  suddenly  bends  to  the 
E.,  and  extends  in  one  continuous  vertical  ice  cliS  to  an  unknown 
distance  in  that  direction.    The  first  view  of  Victoria  Land  is  de- 
scribed as  most  magnificent.    '  On  January  11,  1841,  in  about 
latitude  71°  S.,  and  longitude  171°  E.,  the  Antarctic  continent  was 
first  seen,  the  general  outline  of  which  at  once  indicated  its  vol- 
canic character,  rising  steeply  from  the  ocean  in  a  stupendous 
moimtain  range,  peak  above  peak  enveloped  in  perpetual  snow,  and 
clustered  together  in  countless  groups,  resembling  a  vast  mass  of 
crystallisation,  which,  as  the  sun's  rays  were  reflected  on  it,  ex- 
hibited a  scene  of  such  imequalled  magnificence  and  splendour  as 
would  bafile  all  power  of  language  to  poiu-tray,  or  give  the  faintest 
conception  of    One  very  remarkable  peak,  in  shape  like  a  huge 
crystal  of  quartz,  rose  to  the  height  of  7867  ft.,  another  to  9096  ft., 
and  a  third  to  8444  ft.  above  the  level  of  the  sea.    From  these 
peaks  ridges  descended  to  the  coast,  terminating  abruptly  in  bold 
capes  and  promontories,  whose  steep  escarpments,  affording  shelter 
to  neither  ice  nor  snow,  alone  showed  the  jet  black  lava  or  basalt 
which  reposed  beneath  the  mantle  of  eternal  frost.'  .  .  .  .  '  On  the 
28th,  in  lat.  77°  31C  and  long.  167°  1',  the  burning  volcano.  Mount 
Erebus  (12,.867  ft.),  was  discovered,  enveloped  in  ice  and  snow 
from  its  base  to  its  simimit,  from  which  a  dense  column  of  black 
smoke  towered  high  above  the  other  lofty  cones  and  crateriferous 
peaks  with'  which  this  extraordinary  land  is  studded,  from  the  72ud 
to  the  78th  degree  of  latitude.    Mount  Terror  (10,887  ft.)  is  an 
extinct  crater  near  it,  which  has  doubtless  once  given  vent  to  fires 
beneath  :  it  ends  in  a  cape  from  which  a  vast  barrier  of  ice  extended 
in  an  E.  direction,  checking  all  farther  progress  S.   This  continuous 
perpendicular  wall  of  ice,  varying  in  height  from  200  to  100  ft,  its 
summit  presenting  an  almost  unvarying  level  outline,  we  traced 
for  300  m.,  when  the  pack  ice  obstructed  all  farther  progress.'  1 

The  vertical  cliff  in  question  forms  a  completely  solid  mass  of 
ice  about  ]  000  ft.  thick,  the  greater  part  of  which  is  below  the 
sm-face  of  the  sea ;  there  is  not  the  smallest  appearance  of  a  fissure 
throughout  its  whole  extent,  and  the  intensely  blue  sky  beyond 
mdicated  plainly  the  great  distance  to  which  the  ice  plains  reach 
soiithward.  Gigantic  icicles  hang  from  every  projectiuR-  point  of 
the  icy  cliff",  showing  that  it  sometimes  thaws  in  these"  latitudes 
although  in  the  month  of  February,  which  corresponds  with  Auo'ust 


1  '  Remarks  on  the  Antarctic  Continent  and  Southern  Islands,'  by  Robert 
MacCormick,  Esq.,  Surgeon  of  H.M.S. '  Erebus.' 
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in  England,  Falirenheit's  thermometer  did  not  rise  above  14°  at 
noon.  In  the  North  Polar  Ocean,  on  the  contrary,  streams  of  water 
flow  from  every  iceberg  during  the  summer.  The  whole  of  this 
country  is  beyond  the  pale  of  vegetation ;  no  moss,  not  even  a 
lichen,  covers  the  barren  soil  where  everlasting  winter  reigns. 
Parry  Mountains,  a  lofty  range  stretching  S.  from  Mount  Terror 
to  the  70th  parallel,  is  the  most  southern  land  yet  discovered.  The 
South  Magnetic  Pole,  one  of  the  objects  of  the  expedition,  would 
be  situated  in  Victoria  Land,  in  75°  5'  S.  lat.,  and  154°  8'  E.  long., 
according  to  Sir  James  C.  Ross's  observations. 

Various  tracts  of  land  have  been  discovered  near  the  Antarctic 
Circle,  and  within  it,  though  none  in  so  high  a  latitude  as  Victoria 
Land.  Whether  they  form  part  of  one  large  continent  remains  to 
be  ascertained.  Scientific  expeditions  sent  by  the  Russian,  French, 
and  American  G-overnments  have  increased  our  knowledge  of  these 
remote  regions,  and  the  spirited  adventures  of  British  merchants 
and  captains  of  whalers  have  contributed  quite  as  much.^  The  land 
within  the  Antarctic  Circle  is  generally  volcanic — at  least  the  coast 
line,  which  is  all  that  is  yet  known,  and  that,  being  covered  with 
snow  and  ice,  is  destitute  of  vegetation. 


CHAPTER  XVIL 

MINERALS. 

§  1.  Nature  and  Character  of  Mineral  Veins. — The  tumul- 
tuous and  sudden  action  of  the  volcano  and  the  earthquake  on  the 
great  masses  of  the  earth  is  in  strong  contrast  with  the  cahn,  silent 
operations  on  the  minute  atoms  of  matter  by  which  Nature  seems 
to  have  filled  the  fissures  in  the  rocks  with  her  precious  gifts  of 
metals  and  minerals,  sought  for  by  man  from  the  earliest  ages  to 
the  present  day.  Tubal  Cain  was  '  the  instructor  of  every  artificer 
in  brass  and  iron.'  Gold  was  among  the  first  luxuries  ;  and  even 
in  our  own  country,  from  time  immemorial,  strangers  came  from 
afar  to  carry  ofi"  the  produce  of  the  Cornish  mines. 

The  ancients  scarcely  were  acquainted  with  a  third  of  the  metals 
now  Itnown,  and  the  metallic  bases  of  the  alkalis  only  date  fi-om 

1  Captain  Cook  discovered  Sandwich  Island  in  1 772-5.— Captain  Smith, 
of  the  brig  'William,'  discovered  New  South  Shetland  in  1819.— Captain 
Billinti'^hausen  discovered  Peter  Island,  and  the  coast  of  Alexander  the 
First —Captain  Weddel  discovered  the  Southern  Orcades.— Captam  Bisco 
discovered  Enderbv  Land  and  Graham  Land  in  1832;  Admiral  Dumnnt 
d'UrviUe,  la  Terre  d'Adelie  in  1811 ;  and  Sir  James  Loss,  Violona  Land  :n 
the  same  year. 
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the  time  of  Sir  Humpliry  Davy,  having  formed  a  remarkable  part 
of  his  brilliant  discoveries.^ 


1  LIST  OF  ELEMENTARY  BODIES.* 
Monads  (  =  bodies  of  the  same  equivalent  value  as  hydrogen). 


Non-Metallic  Bodies.f 


Hydrogen  . 
Fluorine 

Chlorine  (Scheele,  1774) 
Bromine  (Balard,  1826) 
Iodine  (Coui-tois,  1811) 


Metals. 


Lithium  (Arfwedson,  1818) 
Sodium  (.Davy,  1807) 
Silver  .... 
Potansium  (Davy,  1807)  *. 
10.  Rubidium  (Bunsen,  1861) 
Jl.  Caesium  (Bunsen,  I860)  . 


Atomic 
■Weights. 
.  1 
.  19 
.  35-5 
.  80 
.  127 


7 

23 
108 
39-1 
85-4 


133 


Symbol. 

H 
F 
CI 
Br 
I 


Li 
Na 
Ag 

K 
Rb 
C£e 


DiADs  (= bodies  whose  equivalent  value  is  twice  that  of  hydrogen). 
Non-Metallic  Bodies. 


>?E  114. 


0) 


12.  Oxygen  (Priestley,  1774) 

13.  Sulphur  .... 
Selenium  (Berzelius,  1817) 

15.  Tellurium  (Muller,  1782) 


16 
32 
79-4 
128 


O 

s 

Se 
Te 


Metals. 


w    f  16.  Calcium  (Davy,  1807) 
'  17.  Strontium  (Daw,  1807) 
18.  Barium  (Davy,  1807) 


a 

bo 


19. 

20. 
21. 

"-23! 
24. 
25. 
26. 
27. 
28. 
29. 
30. 


BeryUium  or  Glucinum  (Wohler,  1828) 

Magnesium  (Bussy,  1829) 
Zinc  .... 
Cadmium  (StromeA-er,  1818") 
Mercury    .       .       .  . 
Yttrium  (not  isolated) 
Erbium  (Bahr  and  Bunsen) 
Cerium  (Klaproth,  1803)  . 
Lanthanum  (Mosander,  1839) 
Didymium  (Mosander,  1841) 
Ihonum  (Berzelius,  1828) 
Indium  (Reich  and  Richter,  1872) 


.  40 
.  87-6 

.  137 

,  9-3 

.  24 
.  65-2 
,  112 
200 
61-7 
112-6 
92 
93-6 
95 

231-4 
72 


Ca 
Sr 
Ba 
Be 
or 
G 
Mg 
Zn 
Cd 
Hff 
Y 
Eb 
Ce 
La 
Di 
Th 
In 


*  See  Jukes  and  Geikle's  '  Manual  of  Geology,'  p.  n. 
//j.Jr4^isrlZ°lnlr'"*V  non-metals  is  quite  an  arbitrary  one. 

elements  usually^conkuerfa  to  be  non^^^^^^  ohenuca  line  ot  separation  between  the 
1  oonsmerea  to  be  non-metalhc  and  those  usuaUy  regarded  as  metals 
0 
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Minerals  are  deposited  in  veins  or  fissures  of  rocks,  in  masses, 
in  beds,  and  sometimes  rolled  fragments  imbedded  in  gravel  and 


Triads  (  =  bodies  whose  equivalent  values  are  three  times  that  of 

hydrogen). 

Non-Metallic  Body. 

31.  Boron  (Davy,  1808) 

Metals. 

32.  Gold  

33.  ThaUium  (Lamy,  1862)  . 


11 


.  197 
,  204 


B 


Au 
T 


o  a 

3  a 


S  IK 

d  oj 

'■5  3 


d  tn 

is  a 


Tetrads  (=  bodies  of  four  times  the  equivalent  value  of  hydrogen). 

Non-Metallic  Bodies. 

34.  Carbon  .... 

35.  Silicon  (Berzelius,  1810)  . 

36.  Titanium  (Gregor,  1791)  . 

37.  Zirconium  (Klaproth,  1787) 

38.  Tin  

39.  Aluminium  (Wohler,  1848) 

40.  Lead  

/'41.  Rhodium  (WoUaston,  1804; 

42  Ruthenium  (Glaus,  1846) 

43.  Palladium  (WoUaston,  1803) 

44.  Platinum  (Wood,  1741)  . 

45.  Iridium  (Tennant,  1803) 
V46.  Osmium  (S.  Tennant,  1803) 

Pentads  (=bodie8  of  five  times  the  equivalent  value  of  hydrogen). 

Non-Metallic  Bodies. 

"  ( 

47.  Nitrogen  (Rutherford) 

48.  Phosphorus  (Brandt,  1769) 


Atomic 
Weights. 

Symbol. 

.  12 

C 

.  28 

Si-^ 

.  60 

Ti 

.  89-6 

Zr 

.  118 

St 

.  27-4 

Al 

.  207 

Pb 

v& 

.  104-4 

Ro 

o 

.  104-4 

Ru 

.  106-6 

Pd 

.  197-4 

Pt 

.  196 

Ir 

.  192-2 

Osj 

Metals. 


a 

tn 

"d 

a> 

d 

< 

0) 

'a 

11 

|a 

^  V 

a  d 

o  <u 

HH  a 


50.  Antimony. 

51.  Bismuth  .... 

52.  Vanadium  (Del  Rio,  1801) 

53.  Niobium  (Hatohett,  1801) 
V54.  Tantalum  (Ekeberg,  1803) 

Hexads  (=  bodies  of  six  times  the  equivalent  value  of  hydrogen). 

Metals. 

( 55.  Chromium  (Vauquelin,  1797) 
56.  Moh'bdenum  (Hjelm,  1782) 
[57.  Tungsten  (D'Elhujar,  1783) 

/58.  Manganese  (Galm,  1774)  . 

59.  Iron  

60.  Cobalt  (Brandt,  1733)  . 

61.  Nickel  (Cronstedt,  1751)  . 
U2.  Copper  .... 

63.  Uranium  (Klaproth,  1789> 


.  14 

N 

.  31 

P 

As 

,  1-22 

Sb 

210 

Bi 

.  61-37 

V 

.  94 

Nb 

.  182 

Ta 

le  of  hydrogen). 

.  52-2 

Cr 

.  96 

Mo 

.  184 

W 

.  55 

Mn 

.  56 

Fe 

.  58-8 

Co 

.  58-8 

Ni 

.  63-4 

Cu 

.  120 

U 
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sand,  the  detritus  of  water.  Most  of  the  metals  are  found  in 
\ems :  a  few,  as  gold,  tin,  iron,  and  copper  ores,  are  disseminated 
through  the  rocks,  though  rarely.  Veins  are  seldom  in  a  straight 
Ime,  yet  they  maintain  a  general  direction,  though  in  a  zigzag 
form,  striimg  downwards  at  a  very  high  angle,  seldom  deviatin" 
Irom  the  perpendicular  by  so  much  as  45  degrees,  and  extendin" 
to  vanable  depths.  When  passing  through  stratified  rocks,  they 
are  ior  the  most  part  accompanied  by  a  depression  of  the  beds  on 
one  side  of  their  course,  and  by  an  elevation  on  the  other-  the 
throw,  or  perpendicular  distance  between  the  correspondino-  strata 
on  the  opposite  sides  of  a  vein,  varies  from  a  few  inche^s  to  as 
much  as  600  feet.  The  beginning  or  end  of  veins,  is  scarcely 
ever  known ;  but  when  explored  they  are  found  to  begin  abruptly, 
and,  after  continuing  undivided  to  a  greater  or  less  distance,  they 
branch  into  small  veins. 

Veins  have  been  filled  with  substances  foreign  to  them,  which 

l^Zr^^^^^lri^''''"^^^^^^  the  interior 

of  the  earth.    Nothing  can  be  more  certain  than  that  the  minute 
particles  of  matter  are  constantly  in  motion  from  the  action  of  heat 
W  mutual  attraction,  and  from  electricity.   Prismatic  crvstals  of 
^^Its  of  zmc  are  changed  m  a  few  seconds  into  crystals  of  a  totally 
different  form  by  the  heat  of  the  sun :  casts  of  shells  are  fomid  n 
rocks,  from  which  the  animal  matter  has  been  removed,  anl  its 
place  supphed  by  mineral  matter;  and  the  excavations  made  1 
rocks  dimmish  sensibly  in  size  in  a  short  time  if  the  rock  be  so  t 
and  m  a  longer  time  when  it  is  hard-circimistances  tCt  show  an 
intastme  motion  of  the  particles,  not  only  in  their  relative  posMon. 
but  m  space,  which  there  is  every  reason  to  believe  i  SftQ 
electricity-a  power  which,  if  not  the  sole  agent,  rnu^tTw 
have  co-operated  essentially  in  the  formation  and  fling  of  min 


_  The  magnetism  of  the  earth  is  presumed  to  be  owino-  to  pIpp 

SsTTe""^t-^  direXna  itht" 

angles  to  the  magnetic  meridians.    Mr.  Fox  has  show,/ 

observations  in  the  Cornish  mines  th-it  l.h  ^''""^ 

magnetism,  and  are  often  interrupted  bv  ^nf  '^^^'f  ^^^<^tro 
the  electric  currents  beinr.  stonned  •  '^°°-"°°'^"<^t^^g-  ^'ocks, 

on  all  the  liquids  and  StaS  they  mS^^^^^^^ 
concluded  that  not  only  the  nature  of  X  I       i  f 

determined  by  their  lelativrZi     ^      ^^^^  '^"'^  ^^^n 
oj  tneir  lelative  electrical  conditions,  but  that  the 

^t^o^:^^"!^:^  "^'^'^'^^^  -      --'^  on  the  W 

0  2 
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direction  of  the  metallic  veins  themselves  must  have  been  influ- 
eifced  by  the  direction  of  the  magnetic  meridians  •,  and  in  fact 
almost  all  the  metallic  deposits  in  the  world  are  in  parallel  veins  or 
fissures  trending  from  E.  to  W.,  or  from  N.E.  to  S.W.  Veins 
at  right  angles  to  these  are  generally  non-metalliferous,  and  if 
they  do  contain  metallic  ores  these  are  of  a  different  kind.  In 
some  few  cases  both  contain  the  same  ore,  but  in  very  different 
quantities,  and  both  veins  are  richer  near  the  point  of  crossing  than 
elsewhere. 

Sir  Henry  de  la  Beche  conceived  that  the  continued  expansion 
and  elevation  of  an  intensely  heated  mass  from  below  would  occa- 
sion numerous  vertical  fissures  through  the  superincumbent  strata, 
within  which  some  mineral  matters  may  have  been  drawn  up  by 
sublimation,  and  others  deposited  in  them  when  held  in  solution  by 
ascending  and  descending  streams  of  water ;  even  on  this  hypothesis 
the  direction  of  the  rents  and  the  deposition  of  the  minerals  would 
be  influenced  by  the  electrical  currents.  But  if  veins  were  filled 
from  below,  the  richest  veins  would  be  lowest,  which  is  not  the 
case  in  Cornwall,  Mexico,  or  Peru,  where  they  are  generally  richer 
near  the  surface  than  at  great  depths  :  this  is  particularly  the  case 
in  the  mines  of  the  precious  metals  in  America,  where  the  greatest 
quantities  of  ore  have  been  found  near  the  surface — a  fact  that  may 
be  explained  by  supposing  the  mineral  substances  brought  by  subli- 
mation fi-om  the  interior  of  the  earth,  and  deposited  where  the 
temperatm-e  was  lowest  at  or  near  the  surface  in  the  rocks  among 
which  they  are  situated.  The  primum  mobile  of  the  whole  probably 
lies  far  beyond  our  globe  :  we  must  look  to  the  sim's  heat,  if  not  as 
the  sole  cause  of  electrical  currents,  at  least  as  combined  with  the 
earth's  rotation  in  their  evolution.^ 

When  veins  cross  one  another,  the  veins  traversed  are  presumed 
to  be  of  prior  formation  to  those  traversing,  because  the  latter  are 
dislocated  and  often  heaved  out  of  their  course  at  the  point  of  inter- 
section ;  and  such  is  the  case  with  the  metalhferous  veins,  which 
are  therefore  the  most  recent.  Veins  are  rarely  fiUed  in  every  part 
with  ore  ;  they  contain  sparry  and  stony  matter  called  the  matrix 
with  here  and  there  irregular  masses  of  the  metallic  ores,  often  of 
great  size  and  value.  Solitary  veins  are  generally  unproductive, 
and  veins  are  richer  when  near  one  another.  The  prevalence  and 
richness  of  mineral  veins  are  intimately  connected  with  the  proxi- 
mity or  junction  of  dissimilar  rocks,  where  the  electro  molecular 
and  electro  chemical  actions  are  most  energetic.  Granite,  porphyry, 
and  the  plutonic  rocks  are  often  eminentiy  metaUiferous ;  but 


1  Rotation  alooe  produces  electrical  currents  in  the  earth.— '  Connexion 
of  the  Physical  Sciences.' 
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mineral  deposits  are  also  abundant  in  rocks  of  sedimentary  origiii, 
especially  in  and  near  situations  where  these  two  classes  of  rocks 
are  in  contact  with  one  another,  or  where  the  metamorphic  structure 
has  been  induced  upon  the  sedimentary.  This  is  remarkably  the 
case  in  Cornwall,  the  north  of  England,  the  Ural,  and  most  of  the 
great  mining  districts  on  the  continent  of  Eiu-ope. 

§  2.  l>letalliferous  Deposits  are  peculiar  to  particular  rocks ; 
tin  is  most  plentiful  in  granite  and  the  rocks  lying  immediately 
above  it ;  gold  in  the  Palasozoic  rocks  in  the  vicinity  of  porphyritic 
eruptions ;  copper  is  deposited  in  various  slate  formations,  and  in 
the  sandstones  of  the  trias,  in  certain  porphyritic  rocks,  and  in 
serpentine ;  lead  is  particularly  abundant  in  the  carboniferous  lime- 
stone system,  and  is  rare  where  there  is  iron  and  copper ;  iron 
abounds  in  coal  and  oolitic  strata,  and  in  a  state  of  oxidised  and 
ciystallised  carbonate  in  the  plutonic  and  metamorphic  rocks ;  and 
silver  is  foimd  in  almost  all  of  these  formations ;  its  ores  being 
frequently  combined  with  those  of  other  metals,  especially  of  lead 
and  copper.  There  is  such  a  connexion  between  the  contents  of  a 
vein  and  the  nature  of  the  rock  in  which  the  fissure  is  that,  when 
in  the  oldest  rocks  the  same  vein  intersects  clay  slate  and  granite,  the 
contents  of  the  parts  enclosed  in  one  rock  dilFer  very  much  from  those 
which  are  foimd  in  the  other.  It  is  believed  that  in  the  strata  lying 
above  the  coal  measures  none  of  the  more  precious  metals  have  been 
found  in  England  in  such  plenty  as  to  defray  the  expense  of  raising 
them,  although  such  a  rule  does  not  extend  to  the  continent  of 
Europe  or  to  South  America,  where  copper  and  silver  ores  aboimd 
in  the  red  sandstone  of  the  triassic  series.  In  Great  Britain  no 
metal,  except  iron,  is  raised  in  any  stratum  newer  than  the  mag- 
nesian  limestone.  Metals  exist  chiefly  in  the  primary  and  early 
secondary  strata,  especially  near  the  junction  of  granite  and  por- 
phyry with  slates ;  and  it  is  a  fact  that  rich  veins  of  lead,  copper, 
tin,  &c.,  abound  only  in  and  near  the  districts  which  have  been 
greatly  shaken  by  subterraneous  movements.  In  other  countries, 
as  Auvergne  and  the  Pyrenees,  the  presence  of  igneous  rocks  may 
have  caused  mineral  veins  to  appear  in  more  recent  strata  than 
those  which  contain  them  in  Great  Britain. 

§  3.  mines.— When  a  mine  is  opened,  a  shaft  like  a  well  is 
generaUysunk  perpendicularly  from  the  siutface  of  the  ground,  and 
from  it  horizontal  galleries  are  dug  at  difierent  levels  according  to 
the  direction  of  the  metallic  veins,  and  gunpowder  and  other 
explosives  are  used  to  blast  the  rocks  when  too  hard  for  the 
pickaxe.  When  mines  extend  very  far  in  a  horizontal  direc- 
tion, it  becomes  necessary  to  sink  more  shafts,  for  ventilation  as 
weU  as  for  facihty  in  raising  the  ore.  Such  is  the  perfection  of 
underground  surveying  in  England,  that  the  work  can  be  carried 
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on  at  the  same  time  from  above  and  below  so  exactly  as  to  meet ; 
and  in  order  to  accelerate  tlie  operation  the  shaft  is  worked 
simultaneously  from  the  different  galleries  or  levels  of  the  mine. 
In  this  manner  a  perpendicular  shaft  was  sunk  204  fathoms  deep, 
in  the  Consolidated  mine  in  Cornwall;  it  was  finished  in  12 
mouths,  having  been  worked  in  15  different  points  at  once.  In 
that  mine  some  years  ago  there  were  95  shafts,  besides  other 
perpendicular  communications  underground  from  level  to  level: 
the  depth  of  the  whole  of  these  shafts  added  together  amounted 
to  about  25  m. ;  the  galleries  and  levels  extending  horizontally 
about  43  m. ;  and  2500  persons  were  employed  in  it ;  yet  this  is 
but  one  of  many  mines  now  in  operation  in  the  mining  district 
of  Cornwall  alone.  ^ 

The  infiltration  of  the  rain  and  surface  water,  together  with 
subterranean  springs,  would  soon  inundate  a  mine,  were  not  ade- 
quate means  employed  to  remove  it.  The  steam  engine  is  often 
the  only  way  of  accomplishing  what  in  many  cases  would  other- 
wise be  impossible,  and  the  produce  of  mines  has  been  in  pro- 
portion to  the  successive  improvements  in  that  machine. 

Mines  in  high  groimd  are  sometimes  drained  to  a  certain  depth 
by  an  adit  or  gallery  dug  from  the  bottom  of  a  shaft  in  a  sloping 
direction  to  a  neighbom-ing  valley.  One  of  these  adits  extends 
through  the  large  mining  district  of  Gwennap  in  Cornwall ;  it 
begins  in  a  valley  near  the  sea,  and  very  httle  above  its  level,  and 
communicates  with  all  the  neighbouring  mines,  which  it  drains  to 
that  depth,  and  with  all  its  ramifications  is  30  m.  long.  Nent 
Force  Level,  in  the  N.  of  England,  forms  a  similar  drain  to  the 
mines  in  Alston  Moor ;  it  is  a  stupendous  aqueduct,  9  ft.  broad, 
and  in  some  places  from  16  to  20  ft.  high ;  it  passes  for  more  than 
3  m.  under  the  course  of  the  River  Nent  to  Nentsbury  engine  shaft, 
and  is  navigated  underground  by  long  narrow  boats.  Daylight  at 
its  mouth  is  seen  like  a  star  at  the  distance  of  a  mile  in  the  interior. 
Most  of  the  adits  admit  of  the  passage  of  men  and  horses,  with 
rails  at  the  sides  for  waggons. 

The  access  to  deep  mines,  as  in  Cornwall,  is  usually  by  a  series 
of  perpendicular  or  slightly  inclined  ladders,  sometimes  uninter- 
rupted, but  generally  broken  at  intervals  by  resting  places.  It  is 
computed  that  one  third  of  a  miner's  physical  strengtli  is  ex- 
hausted in  ascending  and  descending  a  deep  mine.  'The  man 
engine,  which  is  a  series  of  platforms  fixed  on  a  perpendicular  rod 
worked  by  the  steam  engine,  is  now  used  in  a  few  of  the  deepest 
mines. 

The  greatest  depth  to  which  man  has  excavated  is  nothing  when 


1  J.  Taylor,  Esq.,  on  '  Cornish  Mines.' 
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compared  with  the  radius  of  the  earth.  The  Eselschacht  mine  at 
Kuttenburg  in  Bohemia,  now  inaccessible,  which  is  3778  ft.  below 
the  surface,  is  deeper  than  any  other  mine.  Its  depth  is  only  150 
ft.  less  than  the  height  of  Vesuvius,  and  it  is  eight  times  greater 
than  the  height  of  the  pyramid  of  Oheops,  or  the  cathedral  of 
Strasburg.  The  Monkwearmouth  coal  mine,  near  Sunderland,  de- 
scends to  1500  ft.  below  the  level  of  the  sea,  so  that  the  barometer 
stands  there  at  31-70,  which  is  higher  than  anywhere  on  the  earth's 
sui-face.^  The  salt  works  of  Neu-Salzwerk  in  Prussia  are  2231  ft. 
deep,  and  1993  ft.  below  the  level  of  the  sea.  Mines  on  high 
ground  may  be  very  deep  without  extending  to  the  sea  level :  that 
of  Valenciana,  near  Guanaxuato  in  Mexico,  is  1686  ft.  deep,  yet 
its  bottom  is  5960  ft.  above  the  surface  of  the  sea ;  and  the  mines 
in  the  higher  Andes  must  be  much  more.  For  the  same  reason 
the  rich  mine  of  Joachimsthal  in  Bohemia,  2120  ft.  deep,  has  not 
yet  reached  that  level.  The  fire  springs  at  Tseu-lieu-tsiug  in 
China  are  3197  ft.  deep,  but  their  relative  depth  is  imlmown.^ 
How  insignificant  are  all  the  works  of  man  compared  with 
nature  ! 

§  4.  Diffusion  of  IVIetals. — The  metals  are  very  profusely 
diffused  over  the  earth.  There  are  few  countries  of  any  extent 
which  do  not  contain  some  of  them.  A  small  number  occur  pure, 
but  in  general  they  exist  in  the  form  of  ores  in  which  the  metal  is 
chemically  combined  with  other  substances,  and  they  are  often  so 
mixed  with  earthy  matter  and  rock  that  it  is  necessary  to  reduce 
them  to  a  coarse  powder  in  order  to  separate  the  metallic  portion, 
which  is  rarely  more  than  a  third  or  fourth  part  of  the  mass  brought 
above  gi'ound. 

Gold  is  chiefly  found  in  the  Palaeozoic  strata  where  traversed  by 
plutonic  rocks,  disseminated  in  veins  and  small  thi-eads  or  gi-ains  in 
the  matrix  itself ;  the  upper  part  of  the  rocks  or  veins  containing- 
the  metal  is  in  general  the  richest,  decreasing  in  quantity  with  the 
depth.  Most  of  the  sm-face  gold  has  abeady  been  removed  by 
natiu-al  causes ;  and  although  gold  is  found  in  almost  every  country 
it  is  in  such  minute  quantities  that  it  is  often  not  worth  the  expense 
of  working.  It  is  almost  always  in  a  native  state,  and  in  the  form 
of  crystals,  grains,  or  masses  called  nuggets.  Sometimes  it  is  com- 
bined with  silver  ;  but  it  is  chiefly  in  the  alluvial  deposits,  resulting 
from  the  destruction  and  disintegration  of  the  originally  auriferous 
rocks,  that  this  precious  metal  is  now  procured.  It  is  exhausted  in 
several  parts  of  Europe  where  it  was  formerly  found.    The  united 


1  Supposing  the  barometer  to  be  30  inches  on  the  level  of  the  sea. 

2  Note  to  the  English  translation  of  'Kosmos,'  by  General  Sabine,  on  the 
depths  below  the  surface  of  the  earth  attained  by  man. 
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produce  of  the  mines  in  Transylvania,  Hungary,  the  N.W.  districts 
of  Austiia,  and  the  bed  of  the  Danube,  is  nearly  60,000  ounces 
annuaUy.  Gold  is  found  in  smaU  quantities  in  Spain,  Wales,  Scot- 
land, at  Leadhills,  and  in  Sutherlandshire,  and  in  the  Wicklow 
mountains  in  Ireland. 

Gold  abounds  iu  Asia,  especially  in  Siberia.  The  alluvial  de- 
posits at  the  foot  of  the  Ural  Mountains  are  very  rich.  In  1826  a 
piece  of  pure  gold  weighing  23  pounds  was  found  there,  along  with 
others  weighing  3  or  4  pounds  each,  accompanied  by  bones  of 
elephants.  The  alluvium  there  is  ferruginous  :  and  more  to  the  E., 
as  already  mentioned,  a  rich  auriferous  region  as  large  as  France 
has  lately  been  discovered,  resting  on  rocks  which  contain  it.  •  la 
1834  the  treasiu-es  in  that  part  of  the  Altai"  chain  called  the  Gold 
Moimtains  were  discovered,  forming  a  mountain  knot  nearly  as 
large  as  England,  fi-om  which  a  great  quantity  of  gold  has  been 
extracted.  Gold  is  found  in  Tibet,  in  the  Chinese  province  of 
Yimnan,  in  the  mountains  of  the  Indo-Chinese  peninsula,  in  Japan, 
and  in  Borneo,  where  it  occurs  near  the  surface  in  several  places. 

Africa  has  long  furnished  a  considerable  supply  to  Europe. 
That  part  of  the  Kong  Mountains  W.  of  the  meridian  of  Greenwich 
was  one  of  the  most  am-iferous  regions  in  the  world  before  the  dis- 
coveries in  California.  The  auriferous  stratum  lies  from  20  to  26 
ft.  below  the  surface,  and  increases  in  richness  with  the  depth. 
The  gold  is  found  in  particles  and  pieces  in  a  reddish  sand.  Most 
of  the  streams  from  the  table-land  bring  down  gold,  as  well  those 
that  descend  to  the  low  ground  to  the  N.  as  those  that  flow  to  the 
Atlantic  and  the  Indian  Ocean,  S.  of  Mozambique. 

In  South  America  the  Western  Cordillera  is  poor  in  metals 
except  in  New  Granada,  where  the  most  westerly  of  the  three 
chains  of  the  Andes  is  rich  in  gold  and  platinum — a  metal  found 
only  there,  in  Brazil,  and  on  the  European  side  of  the  Ural  Moun- 
tains— and  all  in  alluvial  deposits.  The  largest  piece  of  platinum 
that  has  been  found  weighed  21  ounces.  Gold  is  foimd  in  alluvial 
deposits  on  the  high  plains  of  the  Andes,  bn  the  low  lands  to  the 
E.  of  them,  and  in  almost  all  the  rivers  that  flow  on  that  side. 
The  whole  country  between  Jaeu  de  Bracamoros  and  the  River 
Guaviare  is  celebrated  for  its  metallic  riches.  Almost  all  the 
Brazilian  rivers  bring  down  gold.  The  province  of  Minas  Geraes 
is  very  rich  in  gold  ;  and  numerous  mines,  the  chief  of  which  is 
that  of  Morro  Velho,  are  worked.  The  gold  deposits  of  Minas 
Geraes  are  all  the  produce  of  primitive  and  metamorphic  rocks,  and 
there  are  three  chief  varieties  of  the  gold  ore — viz.  quartz  gold, 
Jacutinga  (micaceous  iron  with  free  gold  in  lines  and  pot  holes), 
and  pyritic  formations  (magnetic  iron  and  arsenical  pyrites,  in 
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whicli  gold  is  minutely  disseminated).  Central  America,  Mexico, 
California,  and  British  Columbia  are  auriferous  coimtries.  The 
quantity  of  gold  found  near  the  surface  in  California  exceeded 
that  of  all  other  countries  until  the  discovery  of  the  auriferous 
deposits  in  Australia,  which  in  the  year  1866  amounted  to 
12,633,138^.  Victoria,  New  South  Wales,  and  Queensland,  all 
yield  large  quantities  of  gold,  and  it  is  believed  that  this  metal  will 
ultimately  bs  found  in  connexion  with  all  the  mountain  masses  of 
tlie  Australian  continent.  Gold  bearing  quartz  and  alluvial  de- 
posits have  also  been  found  in  Tasmania,  at  some  distance  from 
Launceston;  and  the  diggings  in  both  the  North  and  Middle 
Islands  of  New  Zealand  have  proved  very  valuable.  In  1858,  the 
gold  fields  of  British  Columbia  were  first  worked.  The  precious 
metal  exists  in  all  the  tributaries  of  the  Frazer,  of  which  more 
than  60  are  known.  The  most  productive  gold  field  is  that  of 
Cariboo,  lying  between  the  Quesnelle  Lake  and  the  Upper  Frazer. 
Gold  has  also  been  found  to  some  extent  in  the  S.  of  Vancoiiver 
Island,  particularly  in  the  valley  of  the  Sooke  River.  A  consider- 
able quantity  is  found  in  Tennessee,  the  mountains  of  Georgia,  and 
on  1000  sq.  m.  of  N.  Carolina;  in  fact,  it  is  found  at  intervals  from 
Canada  to  Georgia,  and  in  Nova  Scotia. 

A  great  deal  of  silver  is  raised  in  Europe.  The  mines  of  Hun- 
gary are  the  most  productive,  especially  those  in  the  mountains  of 
Chemnitz.  The  metalliferous  mountains  of  the  Erzegebirge  are 
very  rich,  and  also  the  mines  near  Christiania  in  Sweden.  Silver 
is  found  in  Saxony,  Transylvania,  and  Austria.  The  lead  mines  of 
England  produced,  in  1873,  1,131,907^.  worth  of  this  metal.  In  no 
part  of  the  old  continent  is  silver  in  greater  abundance  than  in  the 
Ural  and  Altai  Mountains,  especially  in  the  district  of  Kolyvan. 
There  are  silver  mines  in  Armenia,  Anatolia,  Tibet,  China,  Cochin- 
Ohina,  and  Japan. 

The  richness  of  the  Andes  in  silver  can  hardly  be  conceived,  but 
the  mines  are  frequently  on  such  high  grnimd  that  the  profits  are 
diminished  by  the  difficulty  of  carriage,  the  expense  of  living  in 
a  barren  country,  sometimes  destitute  of  water,  where  the  miners 
suffer  from  cold  and  snow,  and  especially  from  the  want  of  fuel. 
This  is  particularly  the  case  at  the  silver  mines  of  Copiapo  in  Chile 
where  the  country  is  utterly  barren,  and  not  a  drop  of  water  is  to  be 
found  in  a  circuit  of  9  m.  These  mines  were  discovered  by  a  poor 
man  in  1832,  who  hit  upon  a  mass  of  silver  in  rooting  out  a  tree. 
They  extend  over  150  square  leagues.  Sixteen  veins  of  silver  were 
found  in  the  first  four  days,  and  before  three  weeks  elapsed,  forty 
more,  not  reckoning  smaller  ramifications.  The  rolled  pieces  which 
lay  on  the  surface  produced  a  large  quantity  of  pure  silver.  A 
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single  mass  weighed  6000  pounds.^  With  Mexico,  Chile  is  now 
the  country  most  productive  in  silver. 

In  the  mines  of  Copiapo  the  silver  veins  are  sometimes  cut  off 
by  a  dyke  of  limestone,  but  on  the  underside  of  the  dyke  it  is  found 
richer  than  ever,  and  crowned  by  a  mass  of  pure  silver,  varying 
in  weight  from  hundreds  to  even  thousands  of  marcs.  It  often 
happens  that  vegetation  is  poor  where  mineral  riches  are  great, 
especially  in  the  countries  where  silver,  lead,  and  coal  are  found. 
It  is  particularly  the  case  in  Atacama,  where  an  immense  and  con- 
fused mass  of  sand  and  rocks  of  every  colour  and  shade  has  the 
appearance  of  great  cities  destroyed  by  some  terrible  earthquake 
and  then  discoloured  by  fire.  Yet  even  here  a  peculiar  beauty 
sometimes  prevails.  Patches  and  streaks  having  every  colour  of  the 
rainbow— from  the  green  of  the  most  luxuriant  vegetation  to  the 
most  brilliant  yellow  and  red— point  out  the  localities  of  immense 
deposits  of  copper  and  oxides  of  iron.  These  and  the  varied  colours 
of  quartz  and  porphyritic  rocks,  when  heightened  by  the  tints  of  a 
setting  sun,  gradually  subsiding  from  the  brighter  colours  into  rose, 
then  purple,  and  lastly  a  fading  neutral  tint,  in  a  calm,  pm'e,  and 
transparent  atmosphere,  are  surpassiugly  beautiful.^ 

In  Peru  thei-e  are  silver  mines  along  the  whole  range  of  the 
Andes,  from  Oaxamarca  to  the  Desert  of  Atacama.  The  most 
productive  at  present  are  those  of  Pasco,  which  were  discovered  by 
an  Indian  in  1630.  They  have  been  worked  without  interruption 
since  the  beginning  of  the  seventeenth  ceutmy.  The  soil  under  the 
town  of  Pasco  is  metalliferous,  the  ores  probably  forming  a  series  of 
beds  contemporaneous  with  the  strata.  The  richness  of  these  beds 
is  not  everywhere  the  same,  but  the  nests  of  ore  are  numerous. 
The  mines  of  Potosi,  16,160  ft.  above  the  sea  level,  are  celebrated 
for  riches,  but  the  owners  have  to  contend  with  all  the  difficulties 
which  such  an  elevated  situation  imposes.  The  ore  in  the  mines 
at  Ohota  is  near  the  surface  over  an  extent  of  half  a  square 
league,  and  the  filaments  of  silver  are  sometimes  even  entwined 
vsnth  the  roots  of  the  grtiss.  This  mine  is  13,300  ft.  above  the 
level  of  the  sea,  and  even  in  summer  the  thermometer  is  below 
the  freezing  point  in  the  night.  In  the  district  of  Huantajaya,  not 
far  from  the  shores  of  the  Pacific,  there  are  mines  where  masses 
of  pure  silver  were  found,  of  which  one  weighed  800  pounds.^  A 
large  amount  of  silver  is  found  in  the  Great  Basin  W.  of  the  Rocky 
Mountains,  and  is  worked  in  the  territory  of  Nevada.  In  4  years, 
silver  to  the  value  of  11,000,000/.  was  sent  out  fi-om  this  district 
alone.   

1  Dr.  P6ppig;'s  '  Travels  in  Chile  and  Peru.' 

2  Colonel  Lloyd  on  the  '  Mines  of  Copiapo.' 

3  Dr.  Poppig. 
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According  to  Humboldt,  the  quantity  of  tLe  precious  metals 
brought  to  Europe  between  the  discovery  of  America  and  the  year 
1803  was  Tvoi-th  1,267,000,000/. ;  and  the  silver  alone  taken  from 
the  mines  during  that  period  vrould  form  a  ball  89  ft.  in  diameter. 
The  distm'bed  state  of  the  S.  American  republics  and  the  high  price 
of  quicksilver  long  interfered  with  the  working  of  the  mines,  but 
qiucksilver  is  now  obtained  in  California. 

Lead  Ore  is  very  often  combined  with  silver,  and  is  then  called 
Argentiferous  Galena.  It  is  one  of  the  principal  productions  of  the 
British  mines,  especially  in  the  northern  mining  district,  which 
occupies  400  sq.  m.  at  the  junction  of  Northumberland,  Cumber- 
land, Westmoreland,  Durham,  and  Yorkshire.  It  comprises 
Alston  Moor,  the  mountain  ridge  of  Crossfell,  and  the  dales  of 
Derwent,  East  and  West  Allendale,  the  Wear,  the  Tees.  There 
are  other  extensive  mining  tracts  separated  from  this  by  cultivated 
ground.  The. principal  products  of  this  rich  district  are  lead  and 
copper.  The  lead  mines  lie  chiefly  in  the  upper  dales  of  the  Tyne, 
Wear,  and  Tees,  and  most  of  the  ore  contains  a  proportion  of  silver, 
though  not  always  enough  to  indemnify  the  expense  of  refining  or 
separating  the  silver.  The  deleterious  vapours  resulting  from  this 
process  are  conveyed  in  a  tube  along  the  surface  of  the  ground  for 
14m.;  and  instead  of  being,  as  formerly,  a  dead  loss  to  the  pro- 
prietor, they  are  condensed  in  their  passage,  and  in  one  instance 
yielded  metal  to  the  annual  value  of  10,000/.i  The  total  amount 
of  lead  produced  fi-om  the  mines  of  the  United  Kingdom  alone,  in 
1876,  was  73,500  tons,  and  of  silver  from  their  argentiferous 
galenas  375,707  ounces. 

Lead  mines  are  worked  in  France  but  not  to  any  great  extent ; 
those  of  the  S.  of  Spain  furnish  large  quantities  of  this  metal ;  also 
in  Saxony,  Bohemia,  and  Oarinthia,  where  they  are  very  rich. 
Lead  is  not  very  frequently  found  in  Siberia,  though  it  does  occur 
in  the  Nertchinsk  mining  district,  in  the  basin  of  the  River  Amur. 
It  is  also  a  production  of  Japan,  of  China,  of  the  peninsula  beyond 
the  Ganges,  of  Lower  Peru,  Mexico,  and  California.  But  the 
most  extensive  lead  mines  known  in  the  world  are  in  Nortli 
America.  They  lie  on  both  sides  of  the  Upper  Mississippi,  and 
generally  throughout  the  western  section  of  the  United  States  as 
weU  as  in  the  States  on  the  Atlantic.  They  are  extensively 
worked,  and  were  more  so  before  the  discovery  of  gold  in  California, 
The  lead  mines  in  the  valley  of  the  Upper  Mississippi  are  of  truly 
wonderful  extent,  spreading  over  an  area  of  3G00  sq.  m.  and  the 
metal  lies  near  the  surface. 

QuicMlver — a  metal  so  important  in  separatiaig  silver  from  its 


^  Consh-ucted  under  the  direction  of  Thomas  Sopwith,  Esq. 
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ores,  and  in  various  arts  and  manufactures  as  well  as  in  medicine 
— occurs  either  liquid  in  the  native  state  or  comhined  with  sulphur 
in  that  of  cinnabar.  It  is  foimd  in  the  mines  of  Idria  and  some 
other  places  in  the  Austrian  empire,  in  the  Palatinate  on  the  left 
bank  of  the  Rhine,  in  several  parts  of  Tuscany,  and  in  Spain.  The 
richest  quicksilver  mines  of  Europe  at  the  present  day  are  those  of 
Almaden,  where  the  quicksilver  is  found  in  the  state  of  sulphuret 
chiefly  disseminated  in  the  Silurian  strata.  These  mines  were 
worked  700  years  before  the  Christian '  era,  and  as  many  as  1200 
tons  of  the  metal  are  extracted  annually.  It  occurs  in  China, 
Japan,  and  Ceylon,  at  San  Onofrio  in  Mexico,  and  in  Peru  at 
Huancavelica,  the  mines  of  which,  now  almost  abandoned,  pro- 
duced up  to  the  beginning  of  the  present  century  the  enormous 
quantity  of  54,000  tons  of  quicksilver.  There  is  a  mine  of  quick- 
silver, probably  unrivalled  in  richness,  20  m.  from  San  Jose, 
in  the  Clara  valley  of  California,  and  three  or  four  of  cinnabar,  the 
sulphuret  of  mercury,  which  were  known  to  the  Indians,  who  used 
the  cinnabar  to  paint  themselves.  At  one  time  there  were  more 
than  two  millions  of  pounds  in  weight  of  ore  lying  at  the  mouth  of 
the  mine,  from  whence  it  is  caiTied  in  skin  sacks  on  the  shoulders  of 
men.  It  is  supposed  that  this  ore  will  produce  60  per  cent,  of  pure 
quicksilver. 

Copper  is  of  such  common  occurrence  that  it  would  be  vain 
to  enumerate  the  localities  where  it  is  found.  It  is  produced  in 
Africa,  Persia,  India,  China,  and  Japan.  The  copper  mines  in  the 
United  States  of  North  America  are  probably  the  richest  and  most 
extensive  in  the  world,  especially  those  of  Lake  Superior,  where 
masses  of  50  tons  weight  of  pure  copper  have  been  found,  and  in 
the  Cleff  mine  even  of  60  or  80  tons,  and  a  stratum  of  piu-e  copper 
3  ft.  thick  has  been  cut  through.  Copper  as  rich  as  any  on  Lake 
Superior  is  found  in  Queensland  and  in  the  interior  of  Australia. 
The  Siberian  mines  are  very  productive  both  in  ore  and  native 
copper.  The  choicest  specimens  of  malachite,  the  most  beautiful 
of  its  ores,  come  from  Siberia.  Almost  every  country  in  Europe 
yields  copper.  The  mines  in  Sweden,  Norway,  and  Germany  are 
very  productive  ;  and  it  forms  a  principal  part  of  our  own  mineral 
wealth.  It  is  raised  in  all  the  chief  mining  districts  in  England 
and  Wales.  In  Cornwall  and  Devon,  where  they  are  often  asso- 
ciated with  tin,  its  ores  produced  10,233  tons  of  pm-e  metal  in 
1867.  The  period  at  which  the  Cornish  mines  were  first  worked 
goes  far  beyond  history,  or  even  tradition :  certain,  however,  it  is 
that  the  Phoenicians  came  to  Britain  for  tin.  Probably  copper  was 
also  worked  very  early  in  small  quantities,  for  its  exportation  was 
forbidden  in  the  time  of  Henry  VIII.  It  was  only  in  the  begin- 
ning of  the  18th  century  that  the  Cornish  copper  mines  were 
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worked  with  success,  by  aid  of  the  steam  engine  and  of  an  im- 
proved machine  for  draining  them.' 

In  Cornwall  and  Devonshire  clay  slate  rests  upon  granite  and 
is  traversed  by  porphyritic  dykes.  The  veins  which  contain  copper 
or  tin,  or  both,  run  E.  and  W.,  and  penetrate  both  the  granite  and 
the  clay  slate.  The  non-metalliferous  veins  run  N.  and  S. ;  and  if 
veins  in  that  direction  do  contain  any  metal,  it  is  never  tin  or 
copper,  but  lead,  silver,  cobalt,  or  antimony,  which  with  little 
exception  are  believed  to  be  always  in  the  clay  slate.  No  miner 
in  Cornwall  has  ever  seen  the  end  or  bottom  of  a  vein ;  their 
width  varies  from  the  thickness  of  a  sheet  of  paper  to  30  ft. ;  the 
average  is  from  1  to  3  ft.  It  rarely  happens  that  either  tin  or 
copper  is  found  nearer  the  sm'face  than  80  or  100  ft.  If  tin  be 
first  discovered,  it  sometimes  disappears  after  sinking  the  mine  100 
ft.  deeper,  when  copper  is  found,  and  in  some  instances  tin  is 
found  1000  ft.  deep  without  a  trace  of  copper  ;  but  if  copper  is  first 
discovered,  it  is  very  rarely  succeeded  by  tin.  Tin  is  found  in 
roUed  pieces,  in  alluvial  beds  of  sand  and  gravel,  and  is  then  caUed 
stream  tin.  With  the  exception  of  the  Indian  Archipelago,  of  all 
countries  England  is  the  most  productive  in  tin  ores,  which  in  1867 
gave  8700  tons  of  the  pure  metal.  The  most  valuable  tin  mines 
on  the  continent  of  Europe  are  those  in  Saxony ;  it  also  occurs  in 
France,  Bohemia,  and  Spain.  One  of  the  richest  deposits  of  tin 
known  is  in  the  province  of  Tenasserim,  on  the  E.  side  of  the  Gulf 
of  Martaban,  in  the  Malayan  peninsula.  These'  deposits  occur  in 
several  parts  of  that  coimtry ;  the  richest  is  a  layer  8  or  10  ft.  thick 
of  sand  and  gravel,  in  which  masses  of  oxide  of  tin  are  sometimes 
the  size  of  a  pigeon's  egg.  The  best  of  all  comes  from  the  Island  of 
Banca,  at  the  extremity  of  the  peninsula  of  Malacca ;  a  large  por- 
tion of  it  is  imported  into  Britain,  and  much  goes  to  China.  It  is 
found  in  the  alluvial  tracts  throughout  all  parts  of  the  island,  rarely 
more  than  25  ft.  below  the  surface.  The  whole  tin  field  extends  at 
intei-vals  over  17  degrees  of  latitude,  and  its  produce  is  double  that 
of  Cornwall.  Great  deposits  occur  also  in  the  Siberian  mining  dis- 
trict of  Nertchinsk,  near  the  Desert  of  Gobi,  and  near  Orm-o  in 
Bolivia ;  and  stream  tin  has  been  recently  discovered  in  the  auri- 
ferous deposits  of  South  Australia. 

There  are  comparatively  few  Coal  Mines  worked  within  the 
tropics ;  they  are  mostly  in  the  temperate  zones,  especially  between 
the  Arctic  Circle  and  the  Tropic  of  Cancer  ;  and  as  iron,  the  most 
useful  of  metals,  is  chiefly  found  in  the  carboniferous  strata, 
it  follows  the  same  distribution.  In  fact,  the  most  productive 
iron  mines  yet  known  are  in  the  temperate  zones.     In  the 


^  Sir  Charles  Lemon,  Bart. 
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eastern  mining  district  of  Siberia,  in  the  vaUey  of  the  River 
Vilui,  the  ores  are  very  rich,  and  very  abundant  in  many  parts  of 
the  Altai  and  Ural.  In  the  latter  the  mountain  of  Blagod,  at 
1534  ft.  above  the  sea,  is  one  mass  of  magnetic  iron  ore.i  Coal  and 
iron  are  worked  in  so  many  parts  of  Northern  China,  Japan,  India, 
and  Eastern  Asia,  that  it  would  be  tedious  to  enumerate  them. 

In  Em-ope  the  richest  mines  of  iron,  like  those  of  coal,  lie 
chiefly  N.  of  the  Alps.  Sweden,  Norway,  Russia,  Germany, 
Styria,  Belgium,  and  France,  all  contain  it  plentifully.  In  Britain 
many  of  the  coal  fields  contain  subordinate  beds  of  a  rich  argil- 
laceous iron  ore,  interstratified  with  coal,  worked  at  the  same  time 
and  in  the  same  manner ;  besides,  there  is  a  substratum  of  lime- 
stone, which  serves  as  a  flux  for  melting  the  metal.  The  principal 
mines  lie  round  Birmingham,  in  the  Staffordshire  coal  field,  in  the 
great  coal  basin  of  South  Wales  about  Pontypool  and  Merthyr 
Tydvil,  and  in  Scotland  about  Glasgow.  There  are  extensive  iron 
mines  in  Staffordshire,  Shropshire,  North  and  South  Wales,  York- 
shire, and  Derbyshire.  It  would  be  impossible  to  state  the  number 
of  mines  which  yield  iron  sufficient  for  our  own  enormous  con- 
sumption and  for  exportation  ;  but  an  idea  may  be  formed  of  their 
extent  when  it  is  stated  that  in  1873  they  furnished  15,577,499 
tons  of  ore,  which  yielded  6,566,451  tons  of  pig  iron,  valued  at 
18,057,739/.  sterling. 

§  5.  Coal  »Iines — These  productive  iron  mines  would  have 
been  of  no  avail  had  it  not  been  for  the  abundance  of  fuel  with 
which  the  greater  part  of  them  in  the  N.  of  England,  Scotland, 
and  Wales  are  associated — the  great  source  of  our  national  wealth, 
more  precious  than  mines  of  gold.  Most  of  the  coal  mines  would 
have  been  inaccessible  but  for  the  means  which  their  produce 
affords  of  draining  them  at  a  small  expense.  A  bushel  of  coals, 
which  costs  only  a  few  pence,  generates  in  the  furnace  of  a  steam 
engine  a  power  which  in  a  few  minutes  will  raise  20,000  gallons 
of  water  from  a  depth  of  360  ft. — an  efi*ect  which  could  not 
be  accomplished  in  a  shorter  time  than  a  whole  day  by  the  con- 
tinuous laboiu-  of  20  men  working  with  the  common  pump.  Yet 
this  circumstance,  so  far  from  lessening  the  demand  for  human 
labour,  has  caused  a  greater  number  of  men  to  be  employed  in  the 
mines. 

The  coal  strata  lie  in  basins,  dipping  from  the  sides  towards  the 
centre,  which  is  often  at  a  vast  depth  below  the  surface  of  the 
ground.  The  centre  of  the  Li^ge  coal  basin  is  21,358  ft.,  or  4  m., 
deep,  which  is  easily  estimated  from  the  dip  or  inclination  of  the 


1  M.  Erman's  '  Travels  in  Siberia.' 
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strata  at  the  edges,  and  tlie  extent  of  tlie  basin.  The  coal  lies  in 
strata  of  small  thickness  and  great  extent.  It  varies  in  thiclmess 
from  3  to  9  ft.,  though  in  some  instances  several  layers  come  to- 
gether, and  then  it  is  20,  and  even  30,  ft.  thick  ;  but  these  layers 
are  interrupted  by  frequent  dislocations,  which  raise  the  coal  seam 
towards  the  surface.  These  fissures,  which  divide  the  coal  field 
into  insulated  masses,  are  filled  with  clay,  so  that  an  accimiulation 
of  water  takes  place  which  must  be  pumped  up. 

There  are  14  coal  fields  in  the  United  Kingdom :  in  1873  the 
produce  of  these  amounted  to  127,000,000  tons.  Should  the  pro- 
duce continue  at  that  rate,  it  has  been  computed  that  this  coal 
area  wiU  be  exhausted  in  less  than  1000  years  unless  means  be 
discovered  of  working  to  a  greater  depth  than  2000  ft.,  the  ob- 
stacles being  the  creep  or  slow  tendency  of  the  roof  and  floor  of 
the  mine  to  meet  fi'om  the  increased  pressure,  and  the  want  of 
more  effectual  ventilation  to  overcome  the  increase  of  the  earth's 
temperatm-e  ;  probably  both  will  be  overcome. 

The  splendid  discovery  of  Sir  Humphry  Davy,  that  flame  does 
not  pass  through  fine  wire  gauze,  prevents  the  fatal  explosion  of 
inflammable  air  in  the  mines,  by  which  thousands  of  lives  have 
been  lost.  By  means  of  a  light  enclosed  in  a  wire  gauze  lantern,  a 
miner  now  works  with  safety  sun-ounded  by  fire  damp.  To  the 
honour  of  the  illustrious  author  of  this  discovery,  be  it  observed 
that  it  was  not,  like  that  of  gunpowder  and  others,  the  unforeseen 
resiilt  of  chance  by  new  combinations  of  matter,  but  the  solution  of 
a  question  based  on  scientific  experiment  and  induction,  which  it 
required  the  genius  of  a  philosophic  mind  like  Davy's  to  arrive  at. 
However,  it  is  now  doubted  whethei-  Davy's  lamp  is  a  protection  on 
all  occasions  ;  yet  it  never  fails  to  give  warning  of  danger  by  the 
manner  in  which  it  burns. 

The  Scotch  coal  field  is  a  most  important  one,  and  occupies 
the  great  central  low  land  of  Scotland,  lying  between  the  southern 
high  lands  and  the  Highland  mountains ;  the  whole  of  that  wide 
tract  is  occupied  by  it,  besides  which  there  are  others  of  less  extent. 
In  1867  the  Scotch  coUieries  produced  14,125,943  tons  from  485 
collieries.  Coal  has  been  foimd  in  17  counties  in  Ireland,  but  the 
pnncipal  coal  districts  taken  together  only  produce  from  145  000  to 
165,000  tons.  ' 

Thus  there  is  coal  enough  in  the  British  Islands  to  last  more 
than  a  thousand  years  ;  and  were  it  exhausted,  our  friends  across 
the  Atlantic  have  enough  to  supply  the  world  for  ages  uncoimt- 
able.i 


'  In  the  year  1873  the  value  of  the  mineral  product  of  Great  Britain  was 
as  follows,  namely— 
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The  carboniferous  strata  are  enormously  developed  in  the  States 
of  North  America.  The  Appalachian  coal  field  extends  without 
interruption  720  m.,  with  a  maximum  breadth  of  280  m.,  from  the 
northern  border  of  Pennsylvania  to  near  Huntsville,  in  Alabama, 
occupying  an  area  of  63,000  sq.  m.  It  is  intersected  by  three 
great  navigable  rivers — the  Monongahela,  the  Alleghany,  and  the 
Ohio — which  expose  to  view  the  seams  of  coal  on  their  banks. 
The  Pittsburg  seam,  10  ft.  thick,  exposed  on  the  banks  of  the 
Monongahela,  extends  horizontally  225  m.  in  length  and  100  in 
breadth,  and  covers  an  area  of  14,000  sq.  m.,  so  that  this  seam  of 
coal  may  be  worked  for  ages  almost  on  the  surface,  and  in  many 
places  literally  so.  Indeed,  the  facility  is  so  great  that  it  is  more 
profitable  to  convey  the  coal  by  water  to  New  Orleans,  1100  m. 
distant,  than  to  cut  down  the  fuel,  which  may  be  had  for  the  ex- 
pense of  felling.  The  coal  is  bituminous,  similar  to  the  greater 
part  of  the  British  coal ;  40  m.  to  the  E.,  however,  among  the 
ridges  of  the  Appalachian  chain,  there  is  an  extensive  outlying 
member  of  the  great  coal  field  which  yields  Anthracite,  a  species 
of  coal  which  burns  without  smoke. 

In  the  Western  States,  the  Illinois  coal  field  which  occupies 
part  of  Illinois,  Indiana,  and  Kentucky,  is  as  large  as  England,  and 
consists  of  horizontal  strata,  with  numerous  seams  of  rich  bitumi- 
nous coal.  There  is  a  vast  coal  field  also  in  Michigan.  liarge 
areas  in  New  Brunswick  and  Nova  Scotia  abound  in  coal,  and 
good  coal  is  worked  at  Nanaimo  in  Vancouver  Island ;  150  to  300 
tons  daily  were  taken  out  in  1867,  near  the  Ked  River,  and  various 


•  & 

Minerals   59,479,486 

Metals   21,409,878 


Total     .       .       .  £80,889,364 

At  present  there  are  upwards  of  127,000,000  of  tons  of  coals  raised  in 
Great  Britain  annuallj',  including  the  quantity  exported  to  our  colonies 
and  to  foreign  countries,  amounting  to  upwards  of  12,000,000  tons. 

The  iron  made  in  Britain  in  1873  amounted  to  6,566,451  tons. 

The  produce  of  our  copper  mines  in  1873  amounted  to  5,240  tons  of  pure 
metal.    The  quantity  of  tin  was  9,972  tons  in  1873. 

2  893  991  tons  of  British  coal  were  imported  into  France  in  1873. 

Belgium  is  next  in  importance  to  England  as  a  coal  producing  country. 
In  Britain  the  coal  fields  occupy  one  t^^entieth  part  of  the  area  of  the 
country— in  Belgium  one  twenty  second  part— in  France  one  two  hundred 
and  tenth  part  of  its  area. 

The  quantity  of  coal  raised  in  1871  was— 

In  Belgium       .      .      •      •    13,733,176  tons. 
„  Germany      ....    37,000,000  „ 
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other  parts  of  British  America.  Iron  is  worlced  in  many  parts  of 
the  United  States  from  Connecticut  to  South  Carolina.  ^ 

The  tropical  regions  of  the  glohe  have  been  so  little  explored 
that  no  idea  can  be  formed  of  the  quantity  of  coal  or  iron  they 
contain  ;  but  as  iron  is  so  universal  it  is  probable  that  coal  is  not 
wanting.  It  is  foimd  in  Formosa.  Both  abound  in  Borneo,  and 
m  various  parts  of  tropical  Africa  and  America.  There  is  com- 
paratively so  little  land  in  the  S.  temperate  zone,  that  the  mineral 
produce  must  necessarily  be  more  limited  than  in  the  N.,  yet  Aus- 
tralia, Tasmania,  and  New  Zealand  are  rich  in  coal  and  iron. 

§  6.  Arsenic  and  other  Metals  .—Salt ;  Sulphur.— ^r- 
semc,  used  m  the  arts  and  manufactures,  is  generaUy  found  com- 
bined with  iron  and  sulphur  in  many  countries  as  well  as  our  own 
Manganese,  zmc,  bismuth,  and  antimony  are  raised  to  a  consider- 
able amount.    As  the  qualities  of  the  greater  part  of  the  more 
rare  metals  are  Uttle  Imown,  they  have  hitherto  been  interestiuo- 
cJuetly  to  the  mineralogist  and  chemist.  * 
The  mines  of  Roeh  Salt  in  Cheshire  seem  to  be  inexhaustible. 
Enormous  deposits  of  salt  extend  600  m.  on  each  side  of  the 
Carpathian  Moimtaius,  and  throughout  wide  distiicts  in  Austria, 
Gahcia,  Tuscany  and  Spain.   It  would  not  be  easv  to  enumerate  the 
places  m  Asia  where  rock  salt  has  been  found.'  Armenia,  Syria 
extensive  tracts  in  the  Pimjab,  China,  and  the  Ural  district,  abound 
m  It ;  and  the  Andes  contain  vast  deposits,  some  of  which  are  at 
gi'eat  neights. 

Volcanic  countries  in  both  continents  yield  Sulphur.  Italv  and 
Sicily,  where  it  is  m  the  tertiary  marine  strata,  are  the  mao-azines 
whence  the  chief  supplies  of  Europe  are  dkwn.  It  is  often 
beautifidly  crystallised.  Asphalt,  Nitre,  and  AU.n  are  found  In 
various  parts  of  Europe  and  Asia;  Natron  is  procured  from  small 
lakes  m  an  oasis  on  the  W.  of  the  Valley  of  ?he  Nile  ;  NifZeof 
&ocla,  now  ex  ensively  used  in  agriculture  and  in  chemical  manu- 

distinguished  from  the  paraffin  and  other  WiT  rs 

.Jr   -^'f^^r  °'  The  diffusion  of  Preczous  Stones  is 

and  m  the  beds  of  rivers.  Brazil  furnishes  most  of  the  diamond, 
of  commerce;  they_are_the_p^^  eachlideTf  £ 

'  Sir  Charles  Lyell's'^^^^^^i^^i^i;^^  of  North  An.erica ' 
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Serra  Espinlia90,  and  of  a  district  watered  by  some  of  the  affluents 
of  the  Rio  Sao  Francisco.  During  the  century  ending  in  1822, 
diamonds  were  collected  in  Brazil  to  the  value  of  3,000,000/., 
one  of  which  weighed  138^  carats.  In  1853,  a  diamond  weighing 
254|-  carats  in  its  rough  state  was  found  by  a  negress  in  the 
Province  of  Minas  G«raes.  It  is  called  the  '  Star  of  the  South,' 
and  was  shown  at  the  Great  Exhibition  in  London  in  1862.  The 
celebrated  mines  of  Golconda  have  produced  many  splendid  dia- 
monds :  they  are  also  found  in  Borneo,  which  produced  one 
weighing  367  carats,  valued  at  269,378/.  The  eastern  parts  of  the 
Tian  Shan  and  a  wide  district  of  the  Ural  Mountains  yield 
diamonds,  and  they  are  now  found  in  the  basin  of  the  Orange 
Eiver  in  South  Africa. 

The  Ruby  and  Sapphire,  which  have  the  same  crystalline  form, 
are  found  in  Oeylon  in  the  gravel  of  streams.  The  rubies  at 
Gharan,  near  to  the  River  Oxus,  are  embedded  in  limestone.  The 
gravel  of  rivulets  in  the  Birman  empire  contains  the  oriental  star, 
and  opalescent  rubies.  The  Spinelle  also  occm-s  in  that  country  in 
a  district  five  days'  journey  from  Ava.  The  blue,  green,  yellow, 
and  white  sapphires  are  the  produce  of  the  Birman  empire. 

The  finest  Emeralds  come  from  veins  in  a  blue  slate,  of  the  age 
of  our  lower  chalk  strata,  in  the  valley  of  Muzo  in  New  Granada.^ 
Beryls  are  found  in  Brazil,  and  in  the  old  mines  in  Mount  Zebarah 
in  Upper  Egypt.  Those  of  Himgary  and  of  the  Heubach  VaUey 
near  Salzburg  are  very  inferior  in  colour  and  quality. 

Mexico,  Hungary,  and  Bohemia  yield  the  finest  Opals ;  the  most 
esteemed  are  opaque,  of  a  pale  brown,  and  shine  with  the  most 
brilliant  iridescence  ;  some  are  white,  transparent,  or  semi-trans- 
parent, and  radiant  in  colours.  The  most  beautiful  Garnets  come 
from  Bohemia  and  Hungary,  where  they  are  found  in  the  Harz 
Mountains.  They  occur  also  in  Oeylon,  and  in  many  other  localities. 
The  Turquoise  is  a  Persian  gem,  of  which  there  are  two  varieties ; 
one  is  supposed  to  be  the  enamel  of  the  tooth  of  a  fossilised  mas- 
todon, the  other  a  purely  mineral  substance.  Badakshan  is  the 
principal  locality  of  the  La2ns  Lazuli.  This  beautiful  mineral  is  also 
found  in  several  places  of  the  Hindu  Kush,  in  the  hills^  of  Istalif, 
N.  of  Oabul,  in  Tibet,  and  in  the  Baikal  Mountains  in  Siberia. 

The  Cafs-eye  is  peculiar  to  Oeylon.  Topazes,  Beryls,  and^^MJe- 
thysts  are  of  very  common  occurrence,  especially  in  Brazil  and 
Siberia.    They  are  little  valued,  and  scarcely  accounted  gems. 


1  This  curious  geological  fact  has  been  established  by  the  discoveries  of 
Professor  Lewy,  who  has  sent  to  Paris  specimens  in  which  crystals  of 
emerald  and  greensand  fossils  are  embedded. 
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Agates  are  so  teautiful  on  the  table-land  of  Tibet,  and  in  some 
parts  of  the  Desert  of  Gobi,  that  they  form  a  considerable  article  of 
commerce  with  China;  and  some  are  brought  to  Eome,  where  they 
are  cut  into  cameos  and  intaglios.  But  the  greater  part  of  the 
Agates,  Carneliam,  and  Chalcedonies  used  in  Em-ope  are  found  in 
the  trap  rocks  round  Oberstein  in  the  Palatinate. 

Thus,  by  her  unseen  ministers,  electricity  and  reciprocal  action, 
the  gi-eat  artificer  Nature  has  adorned  the  depths  of  the  earth  and 
the  heart  of  the  mountains  with  her  most  admirable  works,  filling 
the  vems  with  metals,  and  building  the  atoms  of  matter  with  the 
most  elegant  and  delicate  symmetry,  into  innumerable  crystalline 
forms  of  inimitable  grace  and  beauty.  The  calm  and  stiU  exterior 
ol  the  earth  gives  no  indication  of  the  activity  that  prevails  in  its 
bosom,  where  treasures  are  preparing  to  enrich  future  generations 
of  man.  Gold  will  be  sought  for,  and  the  diamond  will  be  gathered 
among  the  debris  of  the  moimtains  while  time  endm-e« 


OHAPTEE  XVIII. 

IHlr  OCEAN-. 

§1.  Extent  Of  the  Ocean  ,  Variation  in  Depth  ,  its  Colour 
and  Pressure.-The  ocean,  which  fiUs  a  deep  cavity  in  the  o-bbe 
and  covers  thi-ee.  fourths  of  its  surface,  is  so  LquaUy  distributed 
ha  there  is  three  times  more  land  in  the  northern  than  in  he 
southei^  hemisphere.    The  torrid  zone  is  chiefly  occupied  by  sea 
and  only  a  thirteenth  part  of  the  land  on  one  side  of  the  earth 
lias  land  opposite  to  it  on  the  other.    The  form  assmLd  L  tht 
immense  mass  of  water  i.  that  of  a  spheroid  flattened  at  the  po  es 
and  as  its  mean  level  is  supposed  to  be.nearly  the  same  it  Lrve^ 
as  a  base  to  which  all  heights  of  land  are  refen-ed  ' 
thn  A  ?f  ^^^eiving  the  spoils  of  the  land.  From 

that  cause  it  would  constantly  be  decreasing  in  depth  and  a.  Z 

C  2^  "  t  T''  4erfici:f  eit^nt  Z^l 

t^Zoy   ttVJ:^^^^  t°  -l^eckthis 

^^^^^^ 

that  symmetrical  bands  of  subsidence  and  elevation  eXnraltt7 
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and  the  land,  although  the  distribution  may  vary  in  the  lapse  of 
time.^ 

The  Pacific,  or  Gi'eat  Ocean,  exceeds  in  superficies  all  the  dry 
'  land  on  the  globe.  It  has  an  estimated  area  of  67,810,000  sq,  m. ; 
including  the  Indian  Ocean,  its  area  is  nearly  97,000,000,  and  its 
breadth,  from  Peru  to  the  coast  of  Africa,  is  12,000  m.  Its  length 
is  above  9000  m.  It  communicates  with  the  Aictic  Ocean  by 
Be  bring  Strait. 

The  continent  of  Australia  occupies  a  comparatively  small 
portion  of  the  Pacific,  while  innumerable  islands  stud  its  surface 
many  degrees  on  either  side  of  the  equator,  of  which  a  great  number 
are  volcanic,  showing  that  its  bed  has  been,  and  indeed  actually  is, 
the  theatre  of  violent  igneous  eruptions.  The  deepest  soundings 
which  have  yet  been  taken  of  this  ocean  are  one  of  4575  fathoms 
(above  5  m.)  made  by  the  '  Challenger,'  March  23,  1875 :  one  of 
464;3  fathoms  (5^  m.),  and  one  of  4655  fathoms  (more  than  5^  m.) 
taken  by  the  '  Tuscarora '  off  the  E.  coast  of  Japan.  Yet  as  the 
whole  mass  of  the  ocean  counts  for  little  in  the  total  amount  of 
terrestrial  gravitation,  its  mean  depth,  probably  about  2500  fathoms 
(nearly  3  m.),  is  but  a  small  fraction  of  the  radius  of  the  globe. 
The  Pacific  is  the  calmest  of  oceans;  its  tides  are  low,  and  its 
great  cun-ents  broad  and  sluggish. 

The  bed  of  the  Atlantic  is  a  long  d«ep  valley,  separating  two 
vast  continents,  and  probably  extending  from  pole  to  pole.  Its 
greatest  breadth,  including  the  Gulf  of  Mexico,  is  5000  m. ;  its 
superficial  extent  is  estimated  at  upwards  of  35,000,000  sq.  m. 
It  is  probably  the  most  stormy  of  all  the  seas  ;  its  tides  are  high, 
and;its  principal  currents  narrow  and  swift.  The  bed  of  the  S. 
Atlantic  has  been  sounded  by  vessels  in  the  British  Isaval  Survey, 
and  bottom  has  been  fomid  between  the  Cape  of  Good  Hope  and 
Ascension  Island,  at  depths  varying. from  10,800  to  17,400  tt.  ; 
nearer  the  equator  between  24°  and  25°  W.  long,  the  bed  is 
much  deeper,  bottom  being  touched.at  19,200  and  19,500  ft.,  and 
in  mid  ocean  on  the  parallel  of  28°  S.,  the  depth  was  found  t« 
be  18  600  ft.  Tho  great  difticulties  attendant  on  sounding  vast 
depths  of  ocean  have  been  overcome  by  Brookes  deep  sea  soimdmg 
apparatus,  which  enabled  the  ofiicers  of  the  United  States  navy  to 
niake  an  extensive  and  accurate  survey  ^ot  the  N.  Atlantic.  The 
soundings  made  by  the  '  Challenger '  in  her  recent  voyage  (18/ o- 
1876)  were  made  with  a  further  iniproved  apparatus  The  greatest 
depth  that  .the  sounding  lead  has  reached  in  the  N.  Atlantic  is  near  y 
90  m.  N.  of  St.  Thomas's  (W.  Indies),  where  the  '  Challenger  iomid 

1  Mr  Alfred  Taylor  !ias  computed  that  all  existmg  causes  would  pro- 
duce an  elevation  of  only  three  niches  in  10,000  years. 
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3975  fathoms  (above  4^  m.).  Hence  from  the  top  of  Mount 
Everest,  in  the  Himalaya,  the  highest  ascertained  point  on  the 
globe,  to  the  deepest  point  of  soundings  is  nearly  10  m.,  estimated 
in  a  vertical  line. 

Throughout  the  N.  Atlantic  the  land  shelves  down  to  greater 
and  greater  depths  gradually  on  both  sides.  On  the  coast  of  North 
America  these  submarine  terraces  seem  to  have  a  very  regular  and 
marked  outline,  the  water  increasing  on  them  successively,  leaving 
in  the  central  parts  the  deepest  portion.  An  extensive  plateau  of 
moderate  depth  extends  from  Newfoundland  to  the  south  of  Ireland. 
Between  Trinity  Bay,  in  Newfoundland,  and  Valentia  Island,  Ire- 
land, are  laid  the  Telegraph  Cables  of  1865  and  1866.  In  its 
deepest  part  the  ocean  bed  on  this  plateau  does  not  descend  more 
than  14,544  ft. ;  while  in  many  parts  it  is  not  deeper  than  9000  or 
10,000  ft.  Such  is  the  Telegraphic  Plateau.  On  it  are  laid  those 
stupendous  cables  which  form  part  of  the  boldest  and  noblest  results 
of  science.  The  subject  of  deep  sea  sounding,  and,  in  short,  all 
that  relates  to  what  has  been  termed  the  Physical  Geography  of 
the  Sea  is  undergoing  rapid  development.  The  early  statements 
regarding  unfathomable  depths  of  ocean  are-  to  be  received  with 
much  caution,  as  many  of  them  have  been  disproved  by  actual 
experiment ;  thus  in  the  very  area,  S.  of  the  bank  of  Newfound- 
land, where  the  greatest  depth  of  the  N.  Atlantic  was  supposed  to 
exist.  Commander  Chimmo,  of  HJI.S.  '  Gannet,'  found,  in  1868, 
bottom  at  8700  ft.  The  question  of  the  existence  of  living  animals 
at  great  depths  receives  illustration  from  these  sm-veys,  and  it  is 
now  believed  that  the  beautiful  little  organisms  called  Radiolmians 
live  all  through  the  sea  and  down  to  its  greatest  depths. ^ 

Immense  banks  rise  from  great  depths  to  within  a  few  fathoms 
of  the  surface  of  the  ocean.  Of  these  the  Agulhas  Banks,  off  the 
Cape  of  Good  Hope,  are  among  the  most  remarkable.  ]3at  the 
double  bank  of  Newfoundland  is  of  still  greater  extent :  it  seems 
to  have  been  formed  by  drift  brought  by  an  under  cm-rent  from 
the  Arctic  Ocean,  as  the  water  becomes  suddenly  deep  at  the 
southern  extremity.  The  Dogger  Bank,  in  the  North  Sea,  and 
many  others  are  well  known.  According  to  Mr.  Stevenson,  one 
fifth  of  the  North  Sea,  an  area  equal  to  that  of  Great  Britain,  is 
occupied  by  banks  whose  average  height  is  78  ft.  On  that  account 
the  average  depth  is  only  96  ft.  Some  of  these  elevations  near 
the  coast  of  Norway  are  surrounded  by  such  deep  water  that  they 
must  be  submarine  table-lands.  By  soundings  during  the  coast 
survey  of  the  United  Kingdom  it  appears  that  Great  Britain, 


.\  See  Sir  C.  WyviUe  Thomson's '  Address  at  the  Glasgow  Meeting  of  the 
British  Association,'  1876. 


214 


PHYSICAL  GEOGRAPHY.        Chap.  XVIII. 


Ireland,  and  tlie  innumerable  islands  and  rocks  that  rise  above  the 
surface  of  the  sea,  repose  upon  a  submarine  bank  bounded  by  a  line 
100  fathoms  deep,  and  this  bank  is  connected  on  the  S.E.  through 
Holland  and  Belgium  with  the  continent  of  Europe,  while  it  is 
separated  from  Norway  and  Sweden  by  a  very  deep  channel- 
Some  of  the  deepest  wells  in  London  and  Sheerness  draw  their 
fresh  water  from  a  stratum  which  lies  fully  300  ft.  below  the 
surface  of  the  submarine  bank  that  intervenes  between  Britain  and 
the  coasts  of  Belgium,  Holland,  and  Denmark.^  Currents  are 
sometimes  deflected  from  their  course  by  banks  whose  tops  do  not 
come  within  60  or  even  100  ft.  of  the  surface.  Where  banks  or 
reefs  rise  to  the  surface  in  tropical  seas,  cocoa  nut  palms  have  been 
planted  by  some  of  our  cruisers  to  give  warning  of  danger ;  as,  for 
example,  on  a  dangerous  shoal  off  the  coast  of  Brazil,  called  Las 
Roccas,  lying  about  120  m.  W.  of  Tristan  da  Ounha. 

The  pressure  at  great  depths  is  enormous.  In  the  Arctic  Ocean, 
where  the  specific  gravity  of  the  water  is  someSvhat  lessened,  on 
account  of  the  greater  proportion  of  fresh  water  produced  by  the 
melting  of  the  ice,  the  pressure  at  the  depth  of  a  mile  and  a  quarter 
is  2809  pounds  on  a  square  inch  of  surface  ;  this  was  confirmed  by 
Captain  Scoresby,  who  says,  in  his  '  Arctic  Voyages,' that  the  wood 
of  a  boat  suddenly  dragged  to  a  great  depth  by  a  whale  was  found, 
when  drawn  up,  so  saturated  with  water  forced  into  its  pores  that 
it  sank  in  water  like  a  stone  for  a  year  afterwards.  So  enormous 
was  the  pressure  in  the  deep  sounding  (3975  fathoms)  made  by 
the  '  Challenger  '  near  St.  Thomas's  Island,  that  the  bulbs  of  the 
thermometer,  which  had  been  made  to  stand  a  pressure  of  nearly 
3  tons,  were  broken.  The  compression  that  a  whale  can  endure 
is  wonderful.  Many  species  of  fish  are  capable  of  sustaining 
great  as  well  as  sudden  changes  of  pressm-e.  Divers  in  the  pearl 
fisheries  exert  great  muscular  strength,  but  man  cannot  bear  the 
increased  pressure  at  great  depths,  because  his  lungs  are  filled 
with  air,  nor  can  he  endure  the  diminution  of  it  at  great  altitudes 
above  the  earth. 

The  depth  to  which  the  sun's  light  penetrates  the  ocean  depends 
upon  the  transparency  of  the  water,  and  cannot  be  less  than  twice 
the  depth  to  which  a  person  can  see  from  the  surface.  In  parts  of 
the  Arctic  Ocean,  in  the  Caribbean  Sea,  and  elsewhere  shells  may 
be  distinctly  seen  at  the  depth  of  120  fathoms ;  and  among  the 
West  India  Islands,  in  80  fathoms  water  the  bed  of  the  sea  is  as 
clear  as  if  seen  in  air ;  shells,  corals,  and  seaweeds  of  every  hue 
display  the  tints  of  the  rainbow.^ 

1  Sir  K.  Murchison's  '  Address,'  May  24,  18,j8. 

^'  During  the  deep  sea  dredging  otFthe  Atlantic  coast  of  Ireland  in  1869 
innumerable  instances  of  mollusca,  Crustacea,  and  other  animals  brilliantly 
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The  purest  spring-  is  not  more  limpid  than  the  water  of  the 
ocean  ;  it  absorbs  all  the  prismatic  colours,  except  that  of  ultra- 
marine, which  being  reflected  in  every  direction  imparts  a  hue 
approaching  the  azure  of  the  sky.  The  depth  of  the  blue  depends 
upon  the  quantity  of  salt  contained  in  the  Avater.  In  salt  works 
the  brine  assumes  a  deeper  blue  the  longer  the  evaporation  is  con- 
tinued :  that  is  the  reason  of  the  deep  azure  of  the  Mediterranean, 
the  Gulf  Stream,  and  the  sea  in  the  region  of  the  trade  winds.  In 
the  Indian  Ocean  the  colour  is  so  intense  that  it  has  been  poetically 
called  the  Black  Waters.  The  light  green  of  the  North  Sea  and 
other  polar  waters  is  owing  to  the  lesser  proportion  of  salt.^  The 
colour  of  the  sea  varies  with  every  gleam  of  sunshine  or  passing 
cloud,  although  its  true  tint  is  always  the  same  when  seen  sheltered 
from  atmospheric  influence.  The  reflection  of  a  boat  on  the  shady 
side  is  often  of  the  clearest  blue,  while  the  surface  of  the  water 
exposed  to  the  sun  is  as  bright  as  burnished  gold.  The  waters  of 
the  ocean  also  derive  their  colour  from  animalculte  of  the  infusorial 
kind,  vegetable  substances,  and  minute  particles  of  matter.  It  is 
white  in  the  Gulf  of  Guinea ;  ofl"  Oalifornia  the  Vermilion  Sea  is 
so  called  on  account  of  the  red  colour  of  the  infusoria  it  contains  ; 
the  same  red  colour  was  observed  by  Magellan  near  the  mouth  of 
the  Eiver  Plate.  The  Persian  Gulf  is  called  the  Green  Sea  by 
Eastern  geographers,  and  there  is  a  strip  of  green  water  off  the 
Arabian  coast  so  distinct  that  a  ship  has  been  seen  in  green  and 
blue  water  at  the  same  time.  Rapid  transitions  take  place  in  the 
Arctic  Sea,  from  ultramarine  to  olive  green,  from  pm-ity  to  opacity. 
These  appearances  are  not  delusive,  but  constant  as  to  place  and 
colour  ;  the  green  is  produced  partly  by  its  freshness,  as  well  as  by 
myriads  of  minute  insects,  which  devour  one  another  and  r.re  a 
prey  of  larger  animals.  The  colour  of  clear  shallow  water  depends 
upon  that  of  its  bed  ;  over  chalk  or  white  sand  it  is  apple  green, 
over  yellow  sand,  dark  green,  brown  or  black  over  dark  groimd, 
and  grey  over  mud. 

§  2.  Saltness  of  the  Ocean:  its  Point  of  Cong-eZation. — 
The  sea  is  supposed  to  have  acquired  its  saline  principle  when  the 
globe  was  in  the  act  of  subsiding  from  a  gaseous  state,  for  the 
water  as  well  as  the  saline  matter  it  contains  is  volatile  and  gaseous 
at  high  temperatures.  The  density  of  sea  water  depends  upon  the 
quantity  of  saline  matter  it  contains.^    Oomi^ander  Maury  has 

coloured  and  with  perfectly  organised  eyes,  brought  up  from  deptlis  of  1230 
and  1440  fathoms,  give  reason  to  believe  that  the  bed  of  the  ocean  is  not 
without  light  even  at  these  profound  depths.— J.  Gwi/n  Jeffreys,  Esq. 

1  Maury. 

2  According  to  Messrs.  Schlagintweit  the  mean  specific  gravity  of  the 
surface  water  of  the  Atlantic  is  1-0277,  and  of  the  Pacific  l-"o-?,65,  between 
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computed,  taking  the  average  saltness  at  3|  per  cent.,  and  the  mean 
depth  pf  the  sea  at  2  m.,  that  the  quantity  of  saline  matter  con- 
tained m  the  ocean  would  cover  an  area  of  7,000,000  sq.  m.  to  the 
depth  of  1  m.,  a  quantity  that  could  not  have  been  brought  from 
the  land  by  rivers  and  floods.  The  constituents  of  sea  water  are 
everywhere  the  same,  in  consequence  of  the  universal  system  of 
currents  which  prevails  in  the  ocean,  by  which  the  mass  of  waters 
IS  continuaUy  mixed.  The  differences  depend  upon  local  circmu- 
stances,  especially  upon  evaporation.  Thus  the  ocean  contains  more 
salt  m  the  southern  than  in  the  northern  hemisphere,  which  is  sup- 
posed to  arise  from  the  S.E.  trade  winds  blowing  over  a  greater 
expanse  of  water  than  the  N.E.,  and  causing  a  greater  evaporation. 
The  gi-eatest  proportion  of  salt  in  the  waters  of  the  Pacific  is  between 
22°  or  20°  N.  lat.  and  17°  S.  lat.,  the  regions  of  the  trade  winds ; 
while  near  the  equator,  where  these  winds  neutralise  one  another, 
It  as  less  ;  and  in  the  polar  oceans  it  is  the  least,  from  the  melting 
of  the  ice.  The  saltness  varies  in  these  regions  with  the  seasons  ; 
the  fresh  water,  being  lightest,  is  uppermost.  For  the  same  reason 
rain  makes  the  surface  of  the  sea  fresher  than  it  is  below,  and  the 
mflux  of  rivers  renders  the  ocean  less  salt  near  their  estuaries. 
The  Amazon  makes  the  Atlantic  brackish  300  m.  fi-om  its  mouth. 
The  saltness  of  inland  seas  depends  upon  the  quantity  of  fresh 
water  they  receive  and  the  amount  of  evaporation.  The  Baltic  is 
very  fresh,  because  it  has  a  limited  evaporation  at  its  surface,  and 
receives  many  rivers.  Though  the  Mediterranean  receives  large 
rivers,  it  is  very  salt  from  great  evaporation ;  and  the  Red  Sea,  in 
a  rainless  region  with  great  evaporation  and  no  rivers,  contains 
more  salt  than  any  other.' 

Fresh  water  freezes  at  the  temperatm-e  of  32°  Fahr. ;  the  point 
of  congelation  of  salt  water  is  much  lower.  As  the  specific  gravity 
of  the  water  of  the  Greenland  Sea  is  about  l-02()64,  it  does  not 
freeze  till  its  temperature  is  reduced  to  28^°  Fahr.,  so  that  the 
saline  principle. preserves  the  sea  in  a  liquid  state  to  a  much  higher 
latitude  than  if  it  had  been  fresh,^  while  it  is  better  suited  for 
navigation  by  its  greater  buoyancy.  The  healthfulness  of  the  sea 
is  ascribed  to  the  mixing  of  the  water  by  tides  and  currents,  which 
prevents  the  accumulation  of  putrescent  matter. 

10°  and  40°  S. ;  aiid»a-02613  between  40°  and  60°  The  weight  of  a  cubic 
foot  of  Atlantic  water  is  G'l'OOS  pounds. 

'  The  solid  contents  of  sea  water  amount  to  about  per  cent,  of  its 
weight :  28  elementary  substances  have  been  detected  in  it ;  but  the 
characteristic  ingredients  of  sva  water  are  common  salt,  sulphates  of  lime, 
sodium,  bromide,  and  chloride  of  magnesium,  magnesia,  potash. 

2  Fresh  water  acquires  its  maximum  density  at  o9°'2,  salt  Avater  (of  the 
average  saltness  of  the  sea)  at  27°'2. 
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Besides  its  saline  ingredients,  the  sea  contains  bromine  and 
iodine  in  very  minute  quantities,  and  no  doubt  portions  of  other 
substances  too  small  to  be  detected  by  chemical  analysis,  since  it 
has  constantly  received  the  debris  of  the  land  and  all  its  organised 
matter. 

§  8.  Causes  of  Tides. — The  tides  which  flow  and  ebb  twice 
a  day  on  our  coasts  are  raised  by  the  combined  action  of  the  sun 
and  moon.    The  water  immediately  under  the  moon  is  drawn  from 
the  earth  by  her  attraction,  at  the  same  time  that  she  draws  the 
earth  from  the  water  diametrically  opposite,  in  both  cases  producing 
a  tide  of  nearly  equal  height.    A  similar  action  of  the  sun  raises  a 
wave,  which,  on  account  of  his  great  distance,  is  very  much  less 
than  that  raised  by  the  moon.    The  two  waves  sometimes  unite, 
and  sometimes  are  opposed  to  one  another,  according  to  the  position 
of  the  luminaries  ;  but  the  combined  wave  tends  to  follow  the  sun 
and  moon  as  far  as  the  rotation  of  the  earth  will  allow,  and  extends 
to  the  very  bottom  of  the  sea.    Being  thus  chiefly  regulated  by 
the  moon,  the  tides  happen  twice  in  24  hours,  because  in  that  time 
the  rotation  of  the  earth  brings  the  same  point  of  the  ocean  twice 
under  the  meridian  of  the  moon— once  under  the  upper  meridian 
and  once  under  the  lower.    It  is  clear  that  the  highest  or  spring 
tides  must  happen  at  new  and  full  moon,  consequently  twice  in 
each  lunar  month,  because  in  both  cases  the  sun  and  moon  are  in 
the  same  meridian ;  for  when  the  moon  is  new,  they  are  in  con- 
junction, and^  when  she  is  full,  they. are  in  opposition,  and  in  each 
of  these  positions  their  attraction  is  combined  to  raise  the  water  to 
its  greatest  height ;  while,  on  the  contrary,  the  neap  or  lowest 
tides  happen  when  the  moon  is  in  quadrature,  or  90°  distant  from 
the  sun,  for  then  they  counteract  each  other's  attraction. 

Had  the  globe  been  entirely  covered  with  water,  the  greatest 
tides  would  have  taken  place  when  the  action  of  the  sun  and  moon 
was  in  the  plane  of  the  equator  and  in  the  same  meridian,  for  then 
their  action  would  have  been  most  direct ;  but  in  that  case  there 
would  have  been  very  small  tides  in  the  high  latitudes  and  none  at 
the  poles,  because  then  the  action  of  the  luminaries  would  decrease 
as  the  square  of  the  cosine  of  their  declination.  That,  however,  is 
by  no  means  the  state  of  the  tides,  for,  since  the  action  of  the  sun 
and  moon  is  only  sensible  in  a  vast  extent  of  deep  water,  the  Ant- 
arctic Ocean  is  their  source  and  birthplace.  The  greatest  spring 
tides,  therefore,  take  place  when  the  luminaries,  in  conjunction  or 
opposition,  are  at  their  greatest  southern  declination,  and  the  moon 
in  pengee,  that  is,  in  the  point  of  her  orbit  nearest  to  the  earth. 

When  the  sun  and  moon,  under  these  circumstances,  pass  over 
the  ocean  to  the  E.  of  Tasmania,  New  Zealand,  and  the  South  Pole 
they  raise  a  vast  ridge  of  water,  or  great  tidal  wave,  which  reaches 
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to  tlie  very  bottom  of  the  sea  and  tends  to  follow  the  luminaries  to 
the  N.  W.,  and,  having  received  that  primitive  impulse,  it  continues 
to  move  in  that  direction  long  after  the  sun  and  moon  cease  to  act 
upon  it. 

On  entering  the  Pacific,  it  flows  along  the  western  coast  of  South 
America,  bringing  high  water  to  each  place  as  it  passes  :  but  it  is 
so  much  impeded  by  the  numerous  islands  in  that  ocean  that  it 
is  scarcely  perceptible  in  many  places  among  them,  whereas  in  the 
Indian  Ocean  it  rushes  with  such  violence  and  speed  along  the 
shores  of  the  Indian  peninsula  that  it  arrives  at  Oape  Oomorin 
before  noon  of  the  first  day  of  its  existence,  nearly  at  the  same  time 
that  it  has  brought  high  water  to  the  coast  of  Tasmania. 

When  this  tidal  wave  enters  the  Atlantic  in  its  N.W.  course, 
it  brings  high  water  later  and  later  to  each  place  ;  but  its  velocity 
is  so  very  different  on  the  two  sides  of  that  ocean  that  it  arrives  at 
Cape  Blanco,  on  the  W.  coast  of  Africa,  and  at  Newfoundland,  on 
the  E.  coast  of  North  America,  at  the  end  of  the  first  24  hours  of 
its  existence.  It  is  then  deflected  to  the  E.  by  the  continent  of 
America,  and  thus,  flowing  at  right  angles  to  its  former  path,  it 
comes  to  the  most  westerly  points  of  Ireland  and  England  on  the 
morning  of  the  second  day.  The  great  branch  of  this  tidal  w^ave 
then  passes  N.E.  through  St.  George's  Channel  and  the  Irish  Sea, 
and  meeting  a  branch  coming  round  the  W.  coast  of  Ireland,  the 
united  wave,  after  having  carried  high  water  to  the  AV.  coast  of 
England  and  all  the  coasts  of  Ireland,  turns  round  the  most 
northern  point  of  Scotland,  and  arrives  at  Aberdeen  at  noon  on  the 
second  day,  at  the  same  time  carrying  high  water  to  the  oj)po6ite 
shores  of  Norway  and  Denmark.  Now  this  tidal  wave  flows  to 
the  E.  of  S.,  a  direction  exactly  contrary  to  that  with  which  it 
began  its  transit  through  the  Atlantic,  and  it  continues  this  course, 
ruling  the  tides  along  the  English  shores  and  those  of  the  opposite 
continental  coasts,  till  it  ai-rives  at  the  mouth  of  the  Thames  at 
midnight  of  the  second  day,  and  does  not  bring  high  water  to 
London  till  the  morning  of  the  third  day  after  leaving-  the  Ant- 
arctic Ocean. 

The  tidal  wave  moves  uniformly  and  with  great  velocity  in  deep 
water,  variably  and  slowly  in  shallow  water.  For  example,  it 
moves  at  the  rate  of  1000  m.  an  hour  in  the  S.  Paciflc,  and  scarcely 
less  in  the  Atlantic,  on  account  of  the  deep  trough  which  runs 
through  the  middle  of  that  ocean ;  but  the  sea  is  so  shallow  on 
the  British  coasts  that  the  tide  takes  more  time  in  coming  from 
Aberdeen  to  London  than  to  travel  over  an  arc  of  120°— that  is, 
from  60°  S.  lat.  to  60°  N.  lat. 

There  is  such  a  numerical  relation  between  the  breadth  and 
velocity  of  a  wave  and  the  depth  of  the  water  that,  if  the  former 
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be  Imown,  the  depth  may  he  comj^uted.  For  example,  if  a  wave 
moving  at  the  rate  of  12'21  m.  in  an  hour  he  1000  ft.  broad,  the 
depth  of  the  sea  would  be  10  ft.  by  INIr.  Airy's  formula ;  but  if  a 
wave  of  the  same  breadth  be  moving  at  the  rate  of  48'77  m.,  the 
sea  would  be  1000  ft.  deep.  According  to  this  law  the  S.  Pacific 
must  be  of  great  depth. 

The  tide  in  the  open  ocean  is  merely  an  alternate  rise  and  fall  of 
the  water,  so  that  the  wave  travels,  but  not  the  water.  A  bird 
resting  on  the  surface  is  not  carried  forward  as  the  waves  rise  and 
i'all ;  indeed,  if  so  heavy  a  body  as  water  were  to  move  at  the  rate 
of  1000  m.  in  an  hour,  it  would  cause  universal  destruction,  since 
in  the  most  violent  hurricanes  the  velocity  of  the  wind  scarcely 
exceeds  100  m.  in  an  hour. 

During  the  passage  of  the  wave  in  deep  water,  the  particles  of 
the  fluid  for  the  moment  glide  into  a  new  arrangement,  and  then 
return  to  their  places  ;  but  this  motion  is  extremely  limited.  In 
the  ocean  the  resistance  of  the  bottom  is  imperceptible ;  but  in 
shallow  water,  where  the  velocity  of  the  wave  is  small,  its  lower 
parts  are  more  retarded  than  those  above,  and,  as  the  friction  con- 
tinually increases  with  the  progress  of  the  wave,  its  top  advances 
more  rapidly  than  the  water  below,  so  that  over  shallows  and  near 
the  land  both  water  and  waves  advance  durino-  the  flow  of  the  tide 
and  roll  on  the  beach. 

The  height  to  which  the  tides  rise  depends  upon  the  form  of  the 
shores  and  bottom  of  the  sea  and  the  direction  in  which  the  wave 
strikes  the  land.  Throughout  the  Atlantic  the  height  is  10  or  12 
ft. ;  but  tl)e  tidal  wave  rushes  so  directly  into  the  Bay  of  Fundy 
that  it  rises  to  50  ft.,  and  from  the  shelving  shores  in  the  Bristol 
Channel  it  is  40  ft.  When  the  tide  enters  the  North  Sea,  to  the 
N.  of  Scotland,  its  height  is  12  ft. ;  but  in  travelling  S.  along  the 
E.  coast  of  England  over  a  continually  shelving  shore,  and  striking 
the  land  always  more  directly,  the  water  rises  higher  and  higher  at 
each  place  till  in  the  Humber  it  attains  20  ft. 

It  sometimes  happens  that  two  equal  tides  coming  different  ways 
meet,  and  then  the  water  rises  to  double  the  height  it  would  other- 
wise have  done.  A  complete  extinction  of  the  tide  takes  place 
when  a  high  water  interferes  in  the  same  manner  with  a  low  water, 
as  in  the  centre  of  the  North  Sea ;  a  circumstance  predicted  by 
theory  and  confirmed  by  Captain  Hewett,  who  was  not  aware  that 
such  an  interference  existed.  When  two  unequal  tides  in  contrary 
places  meet,  the  greater  overpowers  the  less,  and  the  resulting 
height  is  equal  to  their  difference,  which  is  supposed  to  be  the  case 
at  Yarmouth  where  the  tide  is  very  small.  These  varieties  occm- 
chiefly  in  channels  among  islands  and  in  the  estuaries  of  rivers. 
When  a  tide  flows  suddenly  up  a  river  euciunbered  with  shoals,  it 
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checks  the  descent  of  the  stream ;  the  water  spreads  over  the  sands, 
and  a  high  crested  wave,  called  a  bore,'  is  driven  with  force  up  the 
channel.  This  occurs  in  the  Hugli  mouth  of  the  Ganges,  and  in 
the  Amazon  at  the  equinoxes,  where,  during,  thi-ee  successive  days, 
five  of  these  destructive  waves,  from  12  to  15  ft.  high,  follow  one 
another  up  the  river  daily ;  and  it  occurs  in  a  less  degree  in  some 
of  our  British  rivers. 

Both  the  height  and  time  of  the  tides  vary  with  the  moon's 
age.^ 

The  friction  of  the  wind  comhines  with  the  tides  in  agitating  the 
surface  of  the  ocean,  and  according  to  the  theory  of  undulations 
each  produces  its  eflect  independently  of  the  other ;  wind,  however, 
not  only  raises  waves,  but  causes  a  transfer  of  superficial  water  also. 
Attraction  between  the  particles  of  air  and  water,  as  weU  as  the 
pressure  of  the  atmosphere,  brings  its  lower  stratum  into  adhesive 
contact  with  the  surface  of  the  sea.  If  the  motion  of  the  wind  be 
parallel  to  the  surface,  there  will  still  be  friction,  but  the  water  will 
be  smooth  as  a  mirror  ;  but  if  it  be  inclined,  in  however  small  a 
degree,  a  ripple  will  appear.  The  friction  raises  a  minute  wave 
whose  elevation  protects  the  water  beyond  it  from  the  wind,  which 
consequently  impinges  on  the  surface  at  a  small  distance  beyond  ; 
thus  each  impulse,  combining  with  the  other,  produces  an  undtila- 
tiou  which  continually  advances. 

Those  beautiful  silvery  streaks  on  the  sm-face  of  a  tranquil  sea, 
called  cats'  paws  by  sailors,  are  owing  to  a  partial  deviation  of  the 
wind  from  a  horizontal  direction.  The  resistance  of  the  water  in- 
creases with  the  strength  and  inclination  of  the  wind.  The  agita- 
tion at  first  extends  little  below  the  surface,  but  in  long  continued 
gales  even  the  deep  water  is  troubled  :  the  billows  rise  higher  and 
higher,  and  as  the  surface  of  the  sea  is  driven  before  the  wind, 
their  '  monstrous  heads,'  impelled  beyond  the  perpendicular,  fall  in 
wreaths  of  foam.  Sometimes  several  waves  overtake  one  another 
and  form  a  sublime  and  awful  sea.  The  highest  waves  known  are 
those  which  occur  during  a  N.W.  gale  ofl'  the  Oape  of  Good  Hope, 
aptly  called  by  the  ancient  Portuguese  navigators  the  Oape  of 
Storms :  Oape  Horn  also  seems  to  be  the  abode  of  the  tempest.  The 
sublimity  of  the  scene,  united  to  the  threatened  danger,  naturally  ^ 
leads  to  an  over  esthnate  of  the  magnitude  of  the  waves,  which 
appear  to  rise  mountains  high,  as  they  are  proverbially  said  to  do. 
There  is-  every  reason  to  believe  that  the  waves  of  the  Cape  of  Good 
Hope  are  occasionally  40  ft.  from  the  hollow  trough  to  the  summit, 


1  A  bore  is  the  advancing  edge  or  front  of  a  tidal  wave  as  it  ruslies  up 
the  channel  of  an  estuary  or  river. 

2  Mr.  Keith  Johnston's  '  Phj'S.  Atlas,'  in  folio. 
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for  Dr.  Scoresby  observed  them  to  be  of  that  height  botb  in  the  At- 
lantic and  during  a  eyclone  he  met  with  in  his  voyage  to  Australia 
in  the  '  Koyal  Charter.' '  The  waves  are  short  and  abrupt  in  small 
shallow  seas,  and  on  that  account  are  more  dangerous  than  the 
long  rolling  billows  of  the  wide  ocean. 

The  waves  raised  by  the  wind  are  altogether  independent  of  the 
tidal  waves ;  each  maintains  its  undisturbed  course ;  and  as  the 
inequalities  of  the  coasts  reflect  them  in  all  directions,  they  modify 
those  they  encounter  and  offer  new  resistance  to  the  wind,  so  that 
there  may  be  three  or  four  systems  or  series  of  coexisting  waves,  all 
goina-  in  different  directions,  while  the  individual  waves  of  each 
maintain  their  parallelism. 

The  undulation  called  a  ground  swell,  occasioned  by  the  con- 
tinuance of  a  heavy  gale,  is  totally  different  from  the  tossing  of  the 
billows,,  which  is  confined  to  the  area  vexed  by  the  wind .;  whereas 
the  ground  swell  is  rapidly  transmitted  through  the  oceam  to  regions 
far  beyond  the  direct  influence  of  the  gale  that  raised  it,  and  it 
continues  to  heave  the  smooth  and  glassy  surface  of  tbe  deep 
long  after  wind  and  waves  are  at  rest.  In  the  South  Pacific, 
billows  which  must  have  travelled  1000  m.  against  the  trade  wind 
from  the  seat  of  the  storm,  expend  their  fury  on  the  lee  ;side  of  the 
many  coral  islands  which  bedeck  that  sunny  sea.^  Tbus  a  swell 
sometimes  comes  from  a  quai'ter  in  direct  opposition  to  the  wind, 
and  occasionally  from  various  points  of  the  compass  at  the  same 
time,  producing  a  vast  commotion  even  in  a  dead  calm,  without 
ruffling  the  surface.  They  are  the  heralds  that  point  out  to  the 
mariner  the  distant  region  where  the  tempest  has  howled,  and  not 
unfi-equently  they  are  the  harbingers  of  its  approach.  At  the 
margin  of  the  polar  ice,  in  addition  to  other  dangers,  there  is  gene- 
rally a  ■swell  which  would  be  very  formidable  to  the  mariner  in 
thick  weather,  did  not  thd  loud  grinding  noise  of  the  ice  warn  him 
of  its  approach. 

Heavy  swells  are  propagated  through  the  ocean  till  they  gradu- 
ally subside  from  the  friction  of  the  water,  or  till  the  undulation  is 
checked  by  the  resistance  of  land,  when  they  roll  in  surf  to  the 
shore,  or  dash  over  the  rocks  in  spray  and  foam.  The  rollers  at  the 
Cape  de  Verd  Islands  are  seen  at  a  great  distance  approaching  like 
mountains.  When  a  gale  is  added  to  a  ground  swell,  the  commo- 
tion is  great  and  the  force  of  the  surge  tremendous,  tossing  huge 
masses  of  rock  and  shaking  the  cliffs  to  their  foundations.  Duriu"- 


1  Dr.  Scorcsby's  Observations  in  the  Atlantic,  made  with  greater  care 
than  had  been  hitherto  employed,  confirms  this  reaun.—Proceedhigs  of 
British  Association,  1850. 

2  Beechey's  '  Voyage  to  the  Pacific' 
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lieavy  gales  on  the  coast  of  Madras  the  surf  breaks  in  9  fathoms 
water  at  the  distance  of  4  and  even  4^  m.  from  the  shore.  The 
violence  of  the  tempest  is  sometimes  so  intense  as  to  quell  the 
billows  and  scatter  the  water  in  a  heavy  shower  called  by  sailors 
spoondrift.  On  such  occasions  saline  particles  have  impregnated 
the  air  to  the  distance  of  60  m.  inland. 

The  force  of  the  wa^  es  in  gales  of  wind  is  tremendous.  From 
experiments  made  by  Mr.  A.  Stevenson,  the  celebrated  engineer 
of  the  Skerryvore  Lighthouse,  on  the  W.  coast  of  Scotland,  exposed 
to  the  whole  fury  of  the  Atlantic,  it  appears  that  the  aveiuge 
pressure  of  the  waves  during  the  simamer  months  was  equal  to  611 
pounds  weight  on  a  square  foot  of  surface,  while  in  winter  it  was 
2086  pounds,  or  three  times  as  great.  During  the  storm  that 
took  -place  on  March  9,  1845,  it  amounted  to  6083  pounds.  Now, 
as  the  pressure  of  a  wave  20  ft.  high  not  in  motion  is  only  about 
half  a  ton  on  a  square  foot,  it  shows  how  much  of  their  force  waves 
owe  to  their  velocity.  The  rolling  breakers  on  the  chfFs  on  the  W. 
coast  of  Ireland  are  magnificent :  the  Earl  of  Dunraven  measured 
some,  the  spray  of  which  rose  as  high  as  150  ft. 

In  the  Isle  of  Man  a  block,  which  weighed  about  10  etone,  was 
lifted  from  its  place  and  carried  inland  during  a  N.W.  gale  ;  and 
in  the  Hebrides  a  block  of  42  tons  weight  was  moved  several  feet 
by  the  force  of  the  waves.  The  Bell  Eock  Lighthouse  in  the 
North  Sea,  though  112  ft.  high,  is  literally  buried  in  foam  and 
spray  to  the  very  top  during  ground  swells  when  there  is  no  wind. 
On  November  20,  1827,  the  spray  rose  117  ft.,  so  that  the  pressure 
was  computed  by  Mr.  Stevenson  to  be  nearly  3  tons  on  a  square 
foot. 

The  effect  of  a  gale  descends  to  a  comparatively  small  distance 
lielow  the  surface ;  the  sea  is  probably  tranquil  at  the  depth  of  200 
or  300  yards  ;  were  it  not  so  the  water  would  be  turbid  and  marine 
animals  would  be  destroyed.  Anything  that  diminishes  the  friction 
of  the  wind  smoothes  the  surface  of  the  sea — ^for  example,  oil  or  a 
small  stream  of  packed  ice,  which  suppresses  even  a  swell.  When 
the  air  is  moist,  its  attraction  for  water  is  diminished,  and  conse- 
quently so  is  the  friction ;  hence  the  sea  is  not  so  rough  in  rainy  as 
in  dry  weather. 

§  4.  Currents. — Currents  of  various  extent,  magnitude,  and 
velocity  disturb  the  tranquillity  of  the  ocean  ;  some  of  them  depend 
upon  circumstances  permanent  as  the  globe  itself,  others  on  ever- 
varying  causes ;  the  permanent  and  most  important  currents  move 
in  the  great  circles  of  the  sphere.  A  perpetual  circulation  is  kept 
up  in  the  waters  of  the  main  by  these  vast  marine  streams  \  they 
are  sometimes  superficial  and  sometimes  submarine,  according  as 
their  density  is  greater  or  less  than  that  of  the  sm-rounding  sea.  But 
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althougli  tliey  depend  upon  the  same  cause  as  the  trade  winds,  they 
differ  essentially  in  this  respect,  that  whereas  the  atmosphere  is 
heated  from  helow  by  its  contact  with  the  earth,  and  transmits 
the  heat  to  the  strata  ahove,  the  sea  is  heated  at  its  surface  by  the 
direct  rays  of  the  sun,  which  produces  a  strong  and  rapid  evapora- 
tion, especially  in  the  tropical  regions  of  the  ocean,  where  the  sea 
grefftly  exceeds  the  land  in  extent. 

It  is  computed  that  186,240  cubic  m.  of  water  are  annually 
raised  from  the  surface  of  the  globe  in  the  form  of  vapour,  chiefly 
from  the  intertropical  seas,  part  of  which  is  restored  to  them  in  rain, 
but  by  far  the  greater  part  is  carried  by  the  winds  to  water  the  land 
and  feed  all  the  rivers  and  streams  on  the  surface  of  the  earth.  The 
enormous  quantity  of  water  thus  carried  off  by  evaporation  in  the 
warm  seas,  which  amounts  to  139,680  cubic  m.  in  the  Indian  and 
Pacific  Oceans  alone,  disturbs  the  equilibrium  of  the  seas,  but  it  is 
restored  bj^  a  perpetual  flux  of  cold  water  from  each  pole  towards 
the  equator,  and  in  some  degree  by  vertical  circulation. 

When  these  streams  of  cold  water  leave  the  poles,  they  flow 
directly  towards  the  equator ;  but  before  proceeding  far  their  motion 
is  deflected  by  the  diurnal  rotation  of  the  earth.  At  the  poles  they 
have  no  rotatory  motion,  and,  although  they  gain  it  more  and  more 
in  their  progress  to  the  equator,  which  revolves  at  the  rate  of 
1000  m.  an  hour,  they  arrive  at  the  tropics  before  they  have  gained 
the  same  velocity  of  rotation  with  the  intertropical  ocean.  On  that 
account  they  are  left  behind,  and  consequently  flow  in  a  direction 
contrary  to  the  diurnal  rotation  of  the  earth.  Hence  the  whole 
surface  of  the  ocean  for  30  degrees  on  each  side  of  the  equator  flows 
in  a  stream  or  current  from  E.  to  "W.  3000  m.  broad.  The  trade 
winds,  which  constantly  blow  in  one  direction,  combine  to  give 
this  great  equatorial  current  a  mean  velocity  of  10  or  11  m.  in 
24  hoiu-s.^ 

As  soon  as  the  water  at  the  surface  of  the  tropical  seas  becomes 
denser  and  Salter  than  that  immediately  below  from  the  evaporation, 
it  sinks  down,  leaving  a  new  siu'face  to  be  acted  upon  ;  and  were 
it  not  for  the  inhabitants  of  the  deep,  the  buoyancy  of  those  seas 
would  be  impaired.  Insignificant  as  they  may  seem,  the  mollusca, 
corallines,  and  other  marine  animals  which  abound  in  such  myriads 
in  the  sea,  bear  so  important  a  part  in  these  great  operations  of 
nature  that  Lieutenant  Maury  says,  '  they  have  power  to  put  the 
whole  sea  in  motion  froui  the  equator  to  the  poles  and  from  top 
to  bottom.'    By  abstracting  the  solid  matter  from  the  water  to 


^  Winds  arc  named  from  the  points  whence  they  blow,  currents  exact]}- 
the  reverse.  An  easterly  wind  comes  from  the  east ;  whereas  an  easterly 
current  comes  from  the  west,  and  flows  towards  the  east. 
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build  those  immense  coral  reefs  and  islands,  marl  beds,  shell 
beds,  and  infusorial  deposits  of  enormous  mag'uitude,  it  becomes 
buoyant,  rises  to  the  top,  and  supplies  the  place  of  that  which 
has  gone  dow,n,  and  which  in  its  turn  furnishes  material  for  new 
deposits,  and  a  new  supply  of  water  for  the  surface,  an  alterna- 
tion as  permanent  as  the  currents  themselves,  and  one  of  the 
most  wonderful  and  beautiful  adaptations  of  small  means  to  a  great 
end.  The  direct  heat  of  the  sun  also  increases  tbe  buoyancy  of  the 
water  which  flows  in  superficial  currents  towards  the  poles  ;  but  in 
going  from  the  equator,  where  the  rotation  of  the  earth  is  at  its 
maximum,  to  tbe  poles,  where  there  is  none,  they  are  deflected 
more  and  more  towards  the  west,  and  gradually  losing  their 
warmth,  they  become  heavy,  sink  down,  and  return  again  as 
under  currents  to  join  the  equatorial  stream.  Thus  polar  currents 
flow  to  the  equator,  and  equatorial  currents  flow  to  the  poles,  in  a 
never-ending  circuit  .coeval  with  the  ocean  itself,  and  which  will 
be  coexistent  with  it  while  time  endures.  This  perpetual  fluc- 
tuation of  the  waters  of  the  ocean  between  the  polar  basins  and 
the  equator,  as  they  become  alternately  warm  and  cold,  is  the 
cause  of  that  admirable  system  of  currents  which  combine  with  the 
winds  to  mitigate  the  cold  of  the  frigid  zone  and  temper  the  heat 
of  the  torrid. 

The  Equatorial  Current  of  the  Pacific  and  Indian  Oceans  may  be 
regarded  as  one  mighty  stream  flowing  from  E.  to  W.  through 
about  255  degrees  of  longitude.  It  crosses  the  Pacific  in  a  current 
nearly  3500  m.  broad,  between  the  parallels  of  26°  S.  and  24°  N. 
lat.,  thus  spreading  over  nearly  a  third  of  the  distance  from 
pole  to  pole.  Its  breadth  is  much  diminished  in  coming  to  the 
Indian  Archipelago,  as  in  the  Indian  Ocean  it  flows  between  the 
10th  and  20th  degrees  of  S.  latitude. 

In  the  North  Pacific  there  are  many  ofl^sets  from  the  main  flow, 
but  by  far  the  most  remarkable  originates  in  the  Indian  Ocean.  It 
is  known  as  the  Chinese  Oui-rent,  or  the  North  Pacific  Gulf  Stream. 
It  flows  through  the  Strait  of  Malacca,  and  after  being  joined  by 
warm  streams  from  the  Java  and  China  f?eas  it  passes  into  the 
Pacific  between  the  Philippines  and  the  coast  of  Asia ;  from  thence 
it  flows  to  temper  the  climate  of  the  Aleutian  Islands,  and  is  lost 
in  its  progress  towards  the  coast  of  North  America.  Between  this 
and  the  coast  of  Japan  a  cold  current  comes  from  the  Sea  of  Olihotsk, 
whicb  is  as  much  celebrated  for  its  fisheries  as  the  cold  stream 
which  flows  over  the  great  banks  of  Newfoundland  in  the  Atlantic. 
It  causes  dense  fogs  on  the  coasts  of  Yeso,  the  Kurile  Islands,  and 
Kamtschatka,  for  the  same  reason  that  the  Gidf  Stream  occasions 
those  on  the  banks  of  Newfoimdland. 

The  two  great  oceans  under  consideration  being  all  but  land- 
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locked  to  the  N.,  the  principal  exchange  of  warm  and  cold  water 
IS  between  the  southern  side  of  the  equatorial  current  and  the 
Antarctic  Ocean.  The  warm  streams  which  that  current  sends  off 
qn°  ^  1  ^^"^  occasionally  at  the  temperature  of 

JU  J^ahr.,  must  be  of  great  magnitude.  One  of  these  leaves 
the  mam  stream  between  Africa  and  Australia,  and  fiowiuo-  S., 
Atlantic''  of  weeds  similar  to  the  Grassy  Sea  in  the 

The  equatorial  cm-rent  in  the  Indian  Ocean  is  divided  as  it  ap- 
proaches Madagascar;  one  part  runs  to  the  N.W.,  bends  round 
the  northern  end  of  Madagascar,  flows  through  the  Mozambique 
channel  and,  bemg  joined  by  the  other  branch,  doubles  the  Cape 
of  Good  Hope  outside  the  AgiUhas  Bank,  and  meeting  with  a 
warm  cm-rent  from  the  Atlantic  becomes  lost  farther  S.  Gold 
cm-rents  from  the  Antarctic  Ocean  come  on  each  side  of  the  weedy 
sea,  and  sometimes  bring  icebergs  as  low  as  the  40th  parallel.  A 
bi-anch  of  these  cold  currents,  sti-iking  the  Cape  from  the  S  W 
rmis  northward  along  the  W.  coast  of  Africa  and  is  the  cause  of  the 
cool  seas  and  fogs  at  Walfisch  Bay  and  other  places  on  this  coast. 

In  the  South  Pacific,  Maury  discovered  a  very  large  branch 
which  leaves  the  equatorial  flow  midway  between  the  coast  of 

Antaictic  Sea.  This  cun-ent  enabled  Sir  James  Eoss  to  penetrate 
farther  to  the  S.  than  Captain  Wilkes ;  it  is  the  highway  to  the 
Antarctic  Seas.    On  each  side  of  it  branch  off  cold'current  from 

!w   TI'^*^  American  coast,  tempering  the  heat  of  the  rainless 

m  Tom  thH'       "  ''''  -  d-tance  f  Soo 

m.  from  the  .American  coast.    Between  this  current  and  the  ^Zf 
equatorial  stream  lies  the  'Desolate  Region  'an  area  of  tb!f 

sea  Hselfi,  comparatively  barren  of  riLSe  ^'*' 
■0?-t/i  Cm-rents  depend  upon  the  wind^i     Tlio  Po„--c  • 

tropical  ..gior      '        '"^^""J         are  fre,ueat  to  tW 
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From  tlie  Soutla  Polar  Ocean  an  ice  bearing  current  passing  E. 
of  Oape  Horn  brings  icebergs  even  to  36°  S.  lat.,  as  far  as  which 
they  have  been  seen  off  the  S.  coast  of  Africa. 

The  Uquat07-ial  Atlantic  Current  pursues  its  vsrestern  course,  160 
m.  broad,  to  mid-ocean  vphere  it  sends  off  the  N.W.  branch,  and 
on  arriving  at  San  Roque  on  the  American  coast,  is  divided 
into  the  Brazil  and  Guiana  currents,  the  first  of  which  sets  along 
the  South  American  shores  so  strongly  that  it  is  not  deflected  by 
the  mass  of  water  flowing  into  it  from  the  Rio  de  la  Plata  ;  yet  it  is 
lost  before  arriving  at  Oape  Horn.  The  Guiana  branch,  by  much 
the  largest,  undistm-bed  by  the  powerful  rivers  Amazon  and 
Orinoco,  flows  to  the  West  Indian  Islands ;  there  it  joins  the  main 
equatorial  flow,  and  the  united  streams  enter  the  Caribbean  Sea 
after  a  course  of  4000  m.  across  the  Atlantic  with  a  velocity  vary- 
ing with  the  seasons,  but  on  an  average  about  30  m.  in  24  hours. 
From  the  Caribbean  Sea  it  sweeps  round  the  Gulf  of  Mexico  and 
rushes  through  the  Strait  of  Florida,  the  mightiest  and  most  beau- 
tiful oceanic  river  in  existence;  its  som-ce  under  the  Tropic  of 
Cancer,  its  mouth  in  the  Arctic  Ocean.  Its  current  is  more  rapid 
than  those  of  the  Mississippi  or  the  Amazon,  audits  volume  a  thou- 
sand times  as  great.  In  the  Strait  of  Florida  it  is  32  m.  wide, 
2220  ft.  deep,  and  flows  at  the  rate  of  4  m.  an  horn-.  Its  waters 
are  of  the  purest  ultramarine  blue  as  far  as  the  coasts  of  Carolina, 
and  so  completely  is  it  separated  from  the  sea  thi-ough  which  it 
flows,  so  sharp  the  line  of  separation,  that  a  ship  may  be  seen  at 
times  half  in  the  one  and  half  in  the  other.  It  is  86°  Fakr.  at  the 
surface,  at  the  Strait  of  Bernini,  and  after  running  3000  m.  to  the 
N.  it  still  preserves  a  summer  heat,  yet  its  banks  and  bottom  are 
cold.  As  it  proceeds  in  its  northern  com-se  towards  Newfoundland 
it  is  deflected  eastward,  forming,  as  nearly  as  possible,  a  great 
circle  of  the  sphere,  the  shortest  distance  between  two  points  on 
its  surface,  which  is  the  co<irse  of  cm-rents  in  general,  whether 
of  air  or  water,  unless  diverted  by  local  circumstances. 

The  Gnlf  Stream,  in  its  course  towards  the  British  Islands,  the 
North  Sea,  and  the  Frozen  Ocean,  follows  the  same  law.  At  Cape 
Hatteras  it  begins  to  increase  in  width,  it  is  deflected  nearly  to  the 
E.  by  the  banks  of  Newfoundland  ;  and  between  38°  and  40°  W. 
long,  it  spreads  out  like  a  fan  from  the  Canaries  to  the  Arctic 
Ocean,  one  branch  sweeping  round  the  W.  coast  of  Iceland  and 
the  other  N.E.  to  the  coasts  of  Norway  and  Spitzbergen.  The 
presence  of  these  currents  is  recognised  by  their  greater  warmth, 
even  among  the  polar  ice,  and  in  consequence  of  some  of  them  the 
Spitzbergen  Sea  is  6  or  7  degrees  warmer  at  the  depth  of  20U 
fathoms  than  at  the  sm-taee.  Thus  the  warmth  of  that  great  oceanic 
river  tempers  the  severity  of  the  climates  even  to  Spitzbergen,  and 
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but  for  its  mild  influence,  the  shores  of  the  British  Isles  would 
be  Ysry  much  colder  than  they  now  are.  Maury  says,  though 
the  warmth  of  the  Gulf  Stream  diminishes  as  it  runs  N.,  the 
quantity  of  heat  which  it  spreads  over  the  Atlantic  in  a  winter's 
day  would  be  sufficient  to  raise  the  whole  atmosphere  that  covers 
France  and  Great  Britain  from  the  freezing-  point  to  summer  heat, 
and  is  the  principal  cause  of  the  mildness  and  damp  of  Ireland 
and  of  the  S.  of  Eno-land. 

Towards  the  Azores  a  portion  of  the  Gulf  Stream  bends  round, 
and  after  xmiting  with  Kennell's  Om-rent,  from  the  British  Channel' 
rims  along  the  African  coast,  and  rejoins  the  great  equatorial  flow,' 
having  made  a  circuit  of  3800  m.  with  varying  velocity,  leaving  a 
space  of  260,000  sq.  m.  of  nearly  motionless  water  between  the 
Azores,  the  Canaries,  and  Cape  de  Verd  Islands.    This  great  area 
is  the  Grassy  or  Sargasso  Sea,  so  called  from  its  being  so  thickly 
covered  with  the  seaweed,  called  Fvxius  or  Sargassum  nutans,^ 
that  at  a  certain  distance  it  seems  solid  enough  to  walk  upon 
These  seaweeds  probably  grow  on  the  spot,  but  the  great  accu- 
mulation is  partly  due  to  the  circimastance  that  everythino-  that 
floats  on  the  Gulf  Stream,  as  weH  as  the  stream  itself,  trends°to  the 
E.,  so  the  weeds  and  substances  that  come  from  other  parts  of  the 
Atlantic  to  the  Gulf  Stream  are  carried  across  it  to  its  eastern  side 
The  bodies  of  animals  and  plants  of  unknown  appearance  to 
Columbus  and  his  companions,  brought  to  the  Azores  by  this  cause 
siiggested  to  that  great  man  the  idea  of  land  beyond  the  Western 
Ocean,^  and  thus  led  to  the  discovery  of  the  New  World. 

It  is  a  common  practice  with  navigators  to  thi-ow  bottles  over- 
board containing  the  date  and  position  of  the  ship.  A  chart  has 
been  formed  showing  the  direct  course  which  a  number  of  these 
bottles  have  taken  in  the  Atlantic,  whence  it  appears  that  those 
thiwn  m  S  of  45°  N  lat.  arrive  either  at  the  Gulf  of  Mexico 
or  the  West  Indies  ;  while  those  committed  to  the  deep  N  of  that 
parallel  reach  the  coasts  of  Em-ope  by  the  Gulf  Stream  or  its 
branches ;  iMaury  mentions,  however,  an  instance  of  a  bottle 
thrown  overboard  from  an  American  ship  ofl^  Cape  Horn,  in  1837 

Se"cn]?^T'  r  I*  -Vmrs  thai 

the  Gulf  Stream  takes  8  months  to  flow  from  the  Gulf  of  Mexico 
0  the  shores  of  Europe,  and  that  the  broader  and  slower  current 
takes  12  months  to  travel  from  the  Bay  of  Biscay  back  to  the  Gulf 


'  The  Macroajslis  pyriftra  is  also  found  in  the  Grassv  Son  .  fj,-,  • 
Bofth.cker  than  a  n,an's  finger,  but  fro.n  1000  to  iTool  long  b  ane^n^ 
upwards  in  filaments  like  packthread.  ^'  °^'^'i'=^inS 
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In  the  Atlantic  the  trade  winds  only  Wow  steadily  between  the 
parallels  of  23°  N.  and  9°  S.  lat.,  and  between  these  limits  drift 
currents  run  with  a  velocity  of  from  9  to  10  m.  in  24  hours.  In 
the  calm  regions  these  currents  are  very  feeble,  and  in  the  extra- 
tropical  seas,  like  the  prevailing  winds,  the  drift  currents  are  not  so 
steady,  they  do  not  always  flow  in  the  same  direction,  nor  with  the 
same  velocity. 

In  summer  the  Great  North  Polar  Current  descending  along  the 
E.  coast  of  Greenland,  together  with  the  current  from  Davis 
Strait,  bring  icebergs  to  the  margin  of  the  Gulf  Stream.  The 
difierence  between  the  temperatures  of  these  two  oceanic  streams  at 
their  contact  is  the  cause  of  the  dense  fogs  that  hang  over  the  banks 
of  Newfoundland.  The  North  Polar  Current  rims  inside  the  Gulf 
Stream,  along  the  coast  of  North  America  to  Florida,  and  beyond 
it,  since  it  sends  an  under  current  into  the  Caribbean  Sea.  As 
early  as  the  year  1838  Mr.  W.  C.  Redfield  expressed  an  opinion 
that  the  Arctic  Current,  after  passing  the  banks  of  Newfoundland, 
flows  beneath  the  Gulf  Stream  to  the  S.  and  S.W.,  a  theory  that 
has  been  confirmed  by  the  American  navigators  who  have  found 
that  at  the  depth  of  370  fathoms  the  bed  of  the  Gulf  Stream,  in 
its  warmest  and  narrowest  part,  has  a  temperature  of  32°  Fahr., 
so  that  it  flows  on  a  cushion  of  cold  water.  In  longitude  46° 
W.,  Commander  Dayman  found  that  the  water  had  a  temperature 
of  39°-7  at  a  depth  of  1000  fathoms  in  two  instances,  showing  a 
remarkable  contrast  at  so  small  a  distance  ;  but  water  of  the  tem- 
peratui-e  of  30°  has  been  found  at  great  depths  by  Dr.  Carpenter 
and  other  recent  observers  much  farther  E.  The  current  of  cold 
water  that  extends  from  Cape  Hatteras  to  the  S.E.  of  the  Bermuda 
Islands,  as  well  as  the  cold  bands  found  in  the  Gulf  Stream,  are 
no  doubt  detached  portions  of  the  Arctic  Current.  The  fish  which 
abound  to  excess  in  this  cold  current  never  enter  the  Gulf  Stream, 
the  existence  of  which  was  made  known  by  the  whales  avoiding 
its  warm  waters.  Counter  currents  on  the  sm-face  are  of  such 
frequent  occurrence  that  there  is  scarcely  a  strait  joining  two  seas 
that  does  not  furnish  one— a  current  running  in  along  one  shore, 
and  a  counter  cm-rent  running  out  along  the  other.  Que  of  the 
most  remarkable  occurs  in  the  Atlantic:  it  begins  off  the  coast  of 
France  and,  after  sending  a  mass  of  water  into  the  Mediter- 
ranean, follows  a  southerly  direction  at  some  distance  from  the 
continent  of  Africa  until  after  passing  Cape  Mesurada,  when  it  flows 
rapidly  for  1000  m.  due  E.  to  the  Bight  of  Biafra,  in  immediate 
contact  with  the  equatorial  current,  running  with  great  velocity  in 
the  opposite  direction  and  appears  finally  to  merge  in  the  latter. 

Periodical  Currents  .are  frequent  in  the  eastern  seas :  one  flows 
into  the  Bed  Sea  from  October  to  May,  and  osat  of  it  from  May  to 
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October.  In  tlie  Persian  Gulf  this  order  is  reversed;  in  the 
Indian  Ocean  and  China  Sea  the  waters  are  driven  alternately  in 
jpposite  directions  hy  the  Monsoons.  It  is  the  S.W.  Monsoon  that 
causes  inundations  in  the  Ganges,  and  a  tremendous  surf  on  the 
coast  of  Ooromandel.  The  tides  also  produce  periodical  currents 
on  the  coasts  and  in  straits,  the  water  running  in  one  direction 
dm-ing  the  flood,  and  the  contrary  way  in  the  ebb.  The  Roost  of 
Sumbui'gh,  at  the  southern  promontory  of  Shetland,  runs  at  the 
rate  of  15  m.  an  hour ;  indeed  the  strongest  tidal  currents  known 
are  among  the  Orkney  and  Shetland  Islands  ;  their  great  velocity 
arises  from  local  circumstances.  Currents  in  the  wide  ocean  move 
at  the  rate  of  from  1  to  3  m.  an  hour  in  their  centre ;  but  the 
velocity  is  less  at  the  sides  and  bottom  of  the  stream,  on  account  of 
friction.  1 

Whirlpools  are  produced  by  opposing  winds  and  tides ;  the 
whirlpool  of  Maelstrom,  on  the  coast  of  Norway,  is  occasioned  by 
the  meeting  of  tidal  currents  between  Moskeno  and  Voero,  the  two 
southernmost  islands  of  the  Lofoden  group ;  it  is  1^  m.  in  diameter 
and  so  violent  that  its  roar  is  heard  at  the  distance  of  several 
leagues.  But  the  danger  to  be  apprehended  from  it  has  been  much 
exaggerated. 

What  with  Winds,  Tides,  and  Cmrents,  the  ocean  is  never  at 
rest.  Even  in  the  equatorial  regions  far  from  land,  where  dead 
calms  prevail,  and  the  sea  is  apparently  in  the  most  perfect  stillness, 
day  after  day  partaking  of  the  universal  quiet,  it  heaves  its  low  flat 
wa\  es  in  noiseless  and  regular  periods  :  the  ocean  is  only  asleep ; 
its  pulse  continues  to  beat,  and  evaporation  keeps  the  particles  of  its 
glassy  surface  in  ceaseless  motion.  The  calm  of  the  equatorial  sea 
is  sometimes  disturbed  by  a  superficial  tumult  in  the  water  called 
tide  rips,  which  move  along  with  a  threatening  aspect  and  roaring 
noise. 

The  safety  and  length  of  a  voyage  depend  upon  the  skill  with 
which  the  navigator  avails  himself  of  the  set  of  the  different  ciu'- 
rents,  and  the  direction  of  the  permanent  and  periodical  winds ; 
the  course  is  frequently  shortened  by  following  a  very  circuitous 
track  to  take  advantage  of  them  if  favom-able,  or  to  avoid  them  if 
unfavourable.  From  Acapulco,  in  Mexico,  across  the  Pacific  to 
ManUla  or  Canton,  the  trade  wind  and  the  equatorial  current  tir 
so  favoiu-able  that  the  voyage  is  accomplished  in  50  or  60  days ; 
whereas  in  returning,  90  or  100  are  required.  Within  the 
Antilles  navigation  is  so  difficult  from  winds  and  cm-rents  that  a 
vessel  going  from  Jamaica  to  the  Lesser  Antilles  cannot  sail  directly 


1  Tlie  reader  is  referred  to  the  works  of  Maury,  Cooley,  Reclus,  and  Dr. 
Johnston,  for  a  more  extensive  account  of  currents  in  the  ocean. 
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across  the  Caribbean  Sea,  but  must  go  round  about  through  the 
windward  passage  between  Cuba  and  Haiti  to  the  ocean  ;  nearly  as 
many  weeks  are  requisite  to  accompUsh  this  voyage  as  it  takes  days 
to  return.  On  account  of  the  prevalence  of  W.  winds  in  the  North 
Atlantic  the  voyage  from  Europe  to  the  United  States  is  longer 
than  that  from  the  latter  to  Europe;  the  Gulf  Stream  is  avoided^'in 
the  outward  voyage,  and  advantage  taken  of  it  in  retui-ning.  Ships 
going  to  the  West  Indies,  and  to  Central  or  South  America,  from 
Europe,  generally  make  the  Canary  Islands  in  order  to  fall  in 
with  the  N.E.  trade  winds  which  carry  them  to  within  10  degrees 
of  the  equator. 

The  passage  to  the  Cape  of  Good  Hope  from  Great  Britain  may 
be  undertaken  -at  any  season,  and  is  accomplished  in  60  or  60  days ; 
but  it  is  necessary  to  regulate  the  voyage  from  the  Cape  to  India 
and  China  according  to  the  season  of  the  Monsoons.  There  are 
various  courses  adopted  for  that  purpose,  but  all  of  them  pass 
through  the  very  focus  of  the  hurricane  district,  which  includes  the 
islands  of  Rodriguez,  Maui-itius,  and  Bom-bon,  and  extends  from 
Madagascar  to  the  Island  of  Timor. 

The  shortest  distance  between  any  two  points  on  the  sm-face  of 
the  globe  is  the  arc  of  a  great  circle ;  hence  the  length  of  a  voyage 
wlU  depend  upon  the  skiU  in  keeping  that  line  as  nearly  as  the 
winds  and  currents  wiU  permit,  but  the  currents  either  do  or  tend 
to  follow  that  line.  The  physical  geography  of  the  sea  is  now  suffi- 
ciently well  known  to  enable  the  mariner,  by  the  aid  of  charts  of  the 
winds  and  currents,  to  pursue  his  course  across  the  ti'ackless  ocean 
with  as  much  confidence  and  certainty  as  if  it  were  a  railway, 
Maury  gives  an  instance  of  two  large  ships  which  left  New  York- 
for  California,  a  distance  of  15,000  m.  One,  which  was  the  faster 
sailer,  set  out  nine  days  later,  overtook  and  spoke  to  the  other  off 
Cape  Horn,  passed  on,  and  arrived  first.  They  were  unconnected, 
but  running  against  time ;  and  after  the  voyage,  when  their  com-ses 
were  laid  down  on  the  chart,  they  were  all  but  identical.  Another 
instance  is  given  of  a  race  between  three  vessels  going  the  same 
long  voyage,  quite  unconnected,  who  yet,  amidst  all  the  vicissitudes 
of  climate,  winds,  and  currents,  passed,  repassed,  and  frequently 
recognised  each  other,  as  if  they  had  been  on  a  racecourse. 

§  6.  Temperature  of  the  Ocean. — Since  water  is  a  bad 
conductor  of  heat,  the  temperatiu-e  of  the  ocean  is  less  liable  to 
sudden  changes  than  the  atmosphere ;  the  influence  of  the  seasons 
is  imperceptible  at  the  depth  of  200  ft. ;  and  the  direct  heat  of  the 
sun  does  not  affect  the  bottom  of  a  deep  sea.  From  recent  obser- 
vations of  deep  sea  temperatures  by  the  '  Challenger '  expedition 
it  would  seem  that  over  the  whole  bottom  of  the  Pacific  and  the 
Atlantic,  and  those  parts  of  the  Southern  Sea  which  were  ex- 
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amined;  the  temperature  is  generally  a  little  alcove  tlie  freezing 
point.  In  places  in  the  valleys  it  was  found  to  sink  a  little  below 
the  freezing  point ;  but  such  extremely  cold  water  was  met  with  in 
one  or  two  places  only  in  the  Atlantic  and  Pacific  Oceans.  Over 
the  elevations  the  temperature  was  somewhat  higher ;  but  in  the 
Atlantic  and  Pacific,  as  a  rule,  the  rise  of  temperature  on  the 
ordinary  elevations  of  the  bottom  of  the  sea  is  not  above  two 
or  three  degrees.  On  examiuation,  the  temperature  of  such  an 
ocean  as  the  Atlantic  was  found  gradually  to  sink  from  the 
siu'face  to  the  bottom.  On  the  surface  the  height  of  the  tem- 
perature is  known  to  be  according  to  the  season  of  the  year,  the 
latitude,  and  the  heat  of  the  sun  at  the  locahty  observed.  Often 
the  temperature  falls  rapidly  for  a  certain  distance  and  then 
gradually  till  at  a  depth  of  500  fathoms  it  stands  at  about  45° 
Fahr.  Fvom  that  point,  as  has  been  already  elsewhere  said,  the 
fall  of  temperature  is  gradual  until  the  region  of  the  freezing 
point  is  reached.^ 

The  temperatm'B  of  the  surface  of  the  ocean  decreases  from  the 
equator  to  the  poles.  For  10  degrees  on  each  side  of  that  line  E. 
of  New  Guinea  the  maximum  is  84° -5 ;  from  thence  to  each  tropic 
the  decrease  varies  considerably.  The  tropical  temperature  would 
be  greater  were  it  not  for  the  currents.  In  the  torrid  zone  the 
surface  of  the  sea  is  about  3°  Fahr.  warmer  than  the  air  above  it, 
because  the  polar  winds,  aud  the  great  evaporation  which  abstracts 
the  heat,  prevent  equilibrium ;  and  as  a  great  mass  of  water  is  slow 
in  following  the  changes  in  the  atmosphere,  the  vicissitude  of  day 
and  night  has  little  influence,  whereas  in  the  temperate  zones  it  is 
perceptible. 

The  line  of  maximum  temperatwe,  or  that  which  passes  through 
all  the  points  of  greatest  heat  in  the  ocean,  is  very  irregular,  and 
does  not  coincide  with  the  terrestrial  equator ;  six  tenths  of  its 
extent  lie  on  an  average  5°  to  the  N,  of  it,  and  the  remainder  runs 
at  a  mean  distance  of  3°  on  its  southern  side.  It  cuts  the  terres- 
trial equator  in  the  middle  of  the  Pacific  Ocean  in  120°  W.  long, 
in  passing  fi-om  the  northern  to  the  southern  hemisphere,  and  again 
through  the  Solomon  Islands  in  returning  from  the  southern  to  the 
northern.  Its  maximum  temperature  in  the  Pacific  is  84°'5  Fahr. 
on  the  eastern  shores  of  New  Guinea,  where  it  touches  the  terres- 
trial equator,  and  its  highest  temperature  in  the  Atlantic,  which  is 
83°-5,  lies  in  the  Caribbean  Sea,  off  Belize,  which  furnishes  the 
warm  water  of  the  Gulf  Stream. 


1  See  Sir  C.  Wj'ville  Thomson's  paper  read  at  the  Glasgow  Meeting  of 
the  British  Association  on  September  11, 1876. 
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the  Antarctic  or  Humboldt's  Current.  It  is  about  10°  colder  ih7n 
the  adjacent  ocean,  and  renders  the  air  much  cooler  than  the  sur- 
rounding  atmosphere. 

(Rl  -qf  ^n'^'  l'^^''^  temperature  of  the  surface  water 

Ceylon.  '  ^"^''^ 

_     The  ie.»^er«^«re  diminishes  from  the  tropics  with  the 

increase  of  the  latitude  more  rapidly  in  the  southern  than  in  the 
northern  hemisphere. 

§  6.  icebergs  :  Polar  Ice ;  Submarine  Currents—Jceber-s 

come  to  a  lower  latitude  by  10°  from  the  S.  pole  than  fi-om  the  N  • 
they  have  been  seen  near  the  Cape  of  Good  Hope,  and  are  often  of 
great  size  ;  one  observed  by  Admiral  Dumont  d'UrviUe  was  13 
m.  long,  with  perpendicular  sides  100  ft.  high  above  the  water  • 
they  are  less  varied  in  sha.pe  than  those  in  the  northern  seas! 
The  discovery  ships  under  the  command  of  Sfr  James  Ross  met 
multitudes  with  Hat  surfaces,  bounded  by  perpendicular  cliffs  on 
every  side,  from  100  to  180  ft.  high,  sometimes  several  miles  in 
circumference.     Their   size   must  have  been  enormous,  since 
more  than  two  thirds  of  their  mass  was  below  water.    From  the 
condensation  of  moisture  in  the  surrounding  air  by  their  cold 
they  are  often  enveloped  in  mist,  which  makes  them  still  more 
formidable  to  navigators.    Packed  ice  too  is  often  in  immense 
quantities:  these  ships  forced  their  way  through  a  pack  1000  m. 
broad,  often  under  the  most  appalling  circumstances.    It  o-eueraUv 
consists  of  smaller  pieces  than  the  packs  in  the  comparatively 
tranquil  N.  polar  seas,  where  they  are  often  several  miles  in  dia- 
meter, and  where  fields  of  ice  extend  beyond  the  reach  of  vision. 
The  Antarctic  Ocean,  on  the  contrary,  is  almost  always  agitated ; 
there  is  a  perpetual  swell,  and  terrific  storms  are  common,  which 
break  up  the  ice  and  render  navigation  perilous.    The  floebergs 
are  rarely  a  quarter  of  a  mile  in  circumference,  and  generally  much 
smaller. 

_  A  more  dreadful  situation  can  hardly  be  imagined  than  that  of 
ships  beset  during  a  tempest  in  a  dense  pack  of  ice  in  a  dark  night, 
thick  fog,  and  drifting  snow,  with  the  spray  beating  perpetually 
over  the  decks  and  freezing  instantaneously.  Sir  James  Ross's  own 
words  can  alone  give  an  idea  of  the  terrors  of  one  of  the  many  gales 
which  the  two  ships  under  his  command  encountered :  '  Soon  after 
midnight  om-  ships  were  involved  in  an  ocean  of  rolling  fragments 
of  ice,  hard  as  fioating  rocks  of  granite,  which  were  dashed  against 
them  by  the  waves  with  so  much  violence  that  their  masts  quivered 
as  if  they  wo.uld  fall  at  every  successive  blow  ;  and  the  destruction 
of  the  ships  seemed  inevitable  fi-om  the  tremendous  shocks  they 
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receiyed.  In  the  early  part  of  the  storm  the  rudder  of  the  "  Erebus  " 
was  so  much  damaged  as  to  he  no  longer  of  any  use ;  and  ahout  the 
same  time  I  was  informed  hy  signal  that  the  "  Terror's  "  was  com- 
pletely destroyed  and  nearly  torn  away  from  the  stern  post.  Hour 
passed  away  after  hom-  without  the  least  mitigation  of  the  awful 
circumstances  in  which  we  were  placed.  The  loud  crashing  noise 
of  the  straining  and  working  of  the  timhers  and  decks,  as  they 
were  driven  against  some  of  the  heavier  pieces  of  ice,  which  all  the 
exertions  of  our  people  could  not  prevent,  was  sufficient  to  fill  the 
stoutest  heart,  that  was  not  supported  hy  trust  in  Him  who  controls 
all  events,  with  dismay ;  and  I  should  commit  an  act  of  injustice 
to  my  companions  if  I  did  not  express  my  admiration  of  their 
conduct  on  this  trying  occasion.  Throughout  a  period  of  28  hours, 
during  any  one  of  which  there  appeared  to  be  very  little  hope  that 
we  should  hve  to  see  another,  the  coolness,  steady  obedience,  and 
imtiring  exertions  of  each  individual  were  every  way  worthy  of 
British  seamen. 

'  The  storm  gained  its  height  at  2  p.m.,  when  the  barometer 
stood  at  28-40  inches,  and  after  that  time  began  to  rise.  Although 
we  had  been  forced  many  miles  deeper  into  the  pack,  we  could  not 
perceive  that  the  swell  had  at  all  subsided,  our  ships  still  rolling 
and  groaning  amidst  the  heavy  fragments  of  crushing  bergs,  over 
which  the  ocean  rolled  its  mountainous  waves,  throwing  huge 
masses  upon  one  another,  and  then  again  burying  them  deep 
beneath  its  foaming  waters,  dashing  and  grinding  them  together 
with  fearful  violence.' 

For  three  successive  years  were  these  dangers  encountered 
dming  this  bold  and  hazardous  enterprise.  It  was  impossible  to 
pass  the  winter  in  these  southern  seas,  but  in  the  various  expe- 
ditions to  the  Arctic  Ocean  the  ships  were  frozen  fast  in  boundless 
fields  of  ice  for  many  months,  ready  to  continue  their  perilous 
voyage  as  soon  as  the  late  and  short  smnmer  should  break  it  up. 

The  area  of  the  Arctic  Ocean  is  said  to  be  about  5,692,000  sq.  m., 
and  is  always  at  the  freezing  point  of  fresh  water.  In  winter  it  is 
encircled  by  a  zone  of  ice  extending  northwards  towards  the 
pole.  The  outline  of  this  zone,  though  subject  to  partial  variations, 
is  found  to  be  nearly  similar  at  the  same  season  of  each  succeeding 
year,  yet  there  are  periodical  changes  in  the  ice  which  are  renewed 
after  a  seriea  of  years.  The  ice  from  the  N.  extends  so  far  S.  in 
winter  as  to  render  the  coast  of  Newfoundland  inaccessible ;  it 
envelops  Greenland,  sometimes  even  Iceland,  and  always  invests 
Spitzbergen  and  Novaia  Zemlia. 

As  the  sun  comes  N.  the  zone  of  ice  breaks  up  into  enormous 
masses  of  what  is  called  packed  ice.  Floating  fields  of  ice,  20  or 
30  m.  in  diameter,  are  frequent  in  the  Arctic  Ocean;  th^ir 
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thickness,  which  varies  from  10  to  80  ft.,  is  not  seen,  as  there  is  at 
least  two  thirds  of  the  mass  below  water.  Sometimes  these  fields 
many  thousand  miUions  of  tons  in  weight,  acquire  a  rotatory 
motion  of  great  velocity,  dashing  against  one  another  with  a 
tremendous  collision.  Packed  ice  always  has  a  tendency  to  drift 
southwards  even  in  the  calmest  weather ;  and  in  their  progress  the 
ice  fields  are  rent  in  pieces  by  the  swell  of  the  sea. 

Huge  icebergs  and  floebergs  detached  from  enormous  masses  of 
ice  that  fill  the  Greenland  fjords  and  the  adjoining  seas,  are 
drifted  southward  2000  m.  to  melt  in  the  Atlantic,  where  they 
cool  the  water  for  30  or  40  m.  around,  and  the  air  to  a  much 
greater  distance.  They  vary  from  a  few  yards  to  miles  in  circum- 
ference, and  rise  several  hundred  feet  above  the  sm-face.  When 
there  is  a  swell,  the  loose  ice  dashing  against  them  raises  the  spray 
to  their  very  summits,  and  as  they  waste  away  they  sometmies 
lose  their  equilibrium  and  roll  over,  causing  a  swell  which  breaks 
up  the  neighboiu-ing  field  ice  ;  the  commotion  spreads  far  and  wide, 
and  the  uproar  resounds  like  thunder. 

Icebergs  have  the  appearance  of  chalk  cliffs  with  a  glittering 
surface  and  emerald  green  fractures.  Pools  of  azm-e  blue  water  lie 
on  their  surface,  or  fall  in  cascades  from  them.  The  field  ice  also, 
and  the  masses  that  are  heaped  upon  its  surface,  are  extremely 
beautiful  fi-om  the  vividness  and  contrast  of  their  colouring.  A 
peculiar  blackness  in  the  atmosphere  round  a  bright  haze  at  the 
horizon  indicates  theii-  position  in  a  fog,  and  their  place  and  character 
are  shown  at  night  by  the  reflection  of  the  snoiv  light  on  the  horizon. 
An  experienced  seaman  can  readily  distinguish  by  the  hlinh,  as  it 
is  termed,  whether  the  ice  is  newly  formed,  heavy,  compact,  or 
open.  The  blink,  or  snow  light,  of  field  ice  is  the  most  lucid  and 
is  tinged  with  yellow ;  of  packed  ice  it  is  pure  white  ;  ice  newly 
formed  has  a  greyish  blink ;  and  a  deep  yellow  tint  indicates  snow 
on  land. 

The  Pacific  is  only  connected  with  the  Arctic  Ocean  by  Behring 
Strait,  through  which  narrow  channel  a  sm-face  cm-rent  sets  to  the 
N. ;  but  the  Atlantic  penetrates  far  beyond  the  Arctic  Circle  to 
the  E.  of  Greenland,  and  also  into  Davis  Strait,  which  last  spreads 
out  into  Baffin  Bay,  which  is  very  deep,  and  subject  to  all  the 
rigoiu-s  of  an  Ai-ctic  winter,  the  very  storehouse  of  icebergs,  the 
abode  of  the  walrus  and  the  whale ;  Baffin  Bay  itself  is  but  the 
highway  by  Smith  Sound,  Kennedy  Channel,  and  Eobeson  Channel 
to  the  Polar  Ocean,  which  in  its  northern  prolongation  occupies 
an  area  of  1,500,000  sq.  m.,  as  yet  unexplored. 

There  is  a  perpetual  circulation  of  water  between  the  Arctic 
Ocean  and  the  Atlantic,  Currents  of  cold  water  flow  southwai-ds 
on  the  surface  of  the  Arctic  Ocean  into  the  Atlantic,  while  sub- 
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marine  citrrents  of  warmer  water  come  from  the  Atlantic  to  the 
Arctic  Seas :  the  freshness  of  the  former,  from  the  melting  of  the 
ice  as  the  sun  travels  N.,  making  it  buoyant,  though  cold ;  and 
the  saltness  of  the  other  making  it  heavy,  though  comparatively 
warm.  But  in  time  the  qualities  of  each  are  changed^  and  they 
return  to  the  oceans  whence  they  came  to  maintaLu  the  equilihrimn 
of  the  seas. 

The  sm-face  ciu-rent  must  he  extremely  powerful,  for  a  field  of 
ice,  300,000  sq.  m.  in  extent,  carried  the  '  Resolute  '  firmly  fixed  in 
it  for  1000  m.  to  the  S.  The  '  Resolute  '  had  been  abandoned  by 
Captain  Kellett  some  years  before  being  sealed  up  in  that  mass  of 
ice,  at  Melville  Island,  and  was  found  in  the  midst  of  Bafiin  Bay  by 
some  American  whalers,  by  whom  she  was  taken  to  the  United 
States,  purchased  by  the  Government  of  that  coimtry,  and  cour- 
teously restored  to  Her  Majesty.  Lieutenant  De  Haven,  who  was 
generously  sent  in  the  brig  '  Advance '  by  the  United  States  in 
search  of  Sir  John  Franklin,  was  frozen  up  for  9  months  in  a  field 
of  ice  of  equal  magnitude  mid  channel  in  Davis  Strait,  and  was 
can-ied  by  the  current  to  the  S.  for  1000  m.  The  average  thickness 
of  the  ice  was  7  ft.,  and  Maury  computed  that  an  area  of  ice  of 
300,000  sq.  m.  7  ft.  thick  would  weigh  18  billions  of  tons,  and  that 
a  quantity  of  water  many  times  greater  would  be  required  to  float 
or  drive  this  mass  through  Davis  Strait. 

§  7.  The  Uorth  West  Passagre  ;  Attempts  to  accomplisli 
it. — The  Russians  would  be  saved  a  voyage  of  21,658  m.  could 
they  cross  the  pole  and  pass  through  Behring  Strait  to  their  N. 
Pacific  settlements  instead  of  going  by  Cape  Horn ;  and  a  direct 
course  from  the  Thames,  across  the  North  Pole,  to  Behring  Strait, 
woidd  only  be  4113  m.  But  even  if  the  pole  could  not  be  attained, 
it  would  evidently  be  of  the  greatest  advantage  to  all  the  maritime 
nations  of  Europe  were  it  possible  to  sail  from  the  Atlantic  to  the 
Pacific  Ocean  by  the  northern  coasts  of  America.  The  hopes  of 
being  able  to  accomplish  this  N.W.  passage  has  led  to  numerous 
voyages,  in  which  the  highest  qualities  and  virtues  of  man  have 
been  displayed. 

War  had  for  many  years  put  a  stop  to  enterprise  when  Dr. 
Scoresby,  on  a  whaling  voyage  with  his  father  in  1806,  reached  the 
parallel  of  81°  30'  N.,  midway  between  Greenland  and  Spitzbergen, 
where  the  sea  was  open  for  18,000  sq.  m.,  and  he  afterwards  found 
the  E.  coast  of  Greenland,  hitherto  supposed  to  be  inaccessible 
free  from  ice  from  70°  to  80°  N.  lat.,  and  for  10°  of  longitude.  In 
consequence  of  these  discoveries  the  hope  of  penetrating  to  the 
Arctic  Ocean  revived,  and  in  1818  four  ships  were  sent  by  the 
British  Government  to  find  their  way  N.  about  to  Behring  Strait ; 
two,  commanded  by  Captains  Parry  and  Ross,  were  to  proceed  by 
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Davis  Strait,  and  the  other  two,  under  the  command  of  Captains 
Buchan  and  Franklin,  by  the  open  sea  at  Spitzbergen  across  the 
pole.  Both  failed  in  the  object  of  their  mission,  and  from  that 
time  to  1845  numerous  similar  attempts  were  made  without  success. 
After  spending  years  in  these  dreary  regions,  they  all  returned 
baffled  by  impenetrable  barriers  of  ice,  not,  however,  without  having 
made  important  discoveries  both  in  geography  and  general  science. 

In  1845  a  new  expedition  was  planned,  and  a  great  number  of 
volunteers,  both  of  men  and  officers,  olFered  to  embark  for  the  ice 
bound  seas  of  the  N.,  notwithstanding  tbe  sufferings  and  dangers 
which  they  knew  awaited  them,  and  which  many  of  them  had 
already  experienced.  The  command  offered  by  the  Admiralty  was 
joyfully  accepted  by  Sir  John  Franldin,  on  his  return  from  having 
governed  Tasmania  for  several  years.  He  was  an  honour  even 
to  the  British  navy,  where  there  is  so  much  honour.  Besides  long 
voyages  in  various  parts  of  the  world,  he  had  in  former  years  made 
two  in  tbe  Arctic  Seas,  so  he  was  perfectly  acquainted  with  all 
that  was  requisite  for  that  difficult  navigation.  The  expedition 
consisted  of  two  screw  steamers,  perfectly  equipped  and  prepared 
to  resist  the  pressure  of  the  ice,  furnished  with  everything  that 
was  necessary,  and  a  transport  accompanied  them  to  Davis  Strait 
to  complete  their  supply  of  provisions.  Sir  John  commanded  the 
'  Erebus,'  and  Captain  Crozier,  who  had  been  second  in  command 
in  the  Antarctic  Seas  with  Sir  James  Koss,  and  had  made  two 
Arctic  voyages  with  Sir  Edward  Parry,  commanded  the  '  Terror.' 
Their  orders  were  to  proceed  by  Lancaster  Sound  and  Barrow 
Strait  to  74°  30'  N.  lat.,  from  thence  to  make  Cape  Walker  in 
98°  W.  long.,  and  then  to  find  their  way  to  Behring  Strait.  They 
sailed  from  the  Thames  on  May  19,  and  arrived  in  safety  at 
"Whalefish  Island  on  the  E.  coast  of  Davis  Strait.  There  they 
wrote  the  last  letters  that  ever  were  received  from  them,  and  the 
ships  were  seen  for  the  last  time  on  July  26  by  the  '  Prince  of 
Wales  '  whaler,  moored  to  a  floating  mass  of  ice  in  76°  48'  N.  lat. 
and  66°  13'  W.  long. 

Although  it  was  known  that  the  voyage  would  last  more  than 
one  year,  fears  were  felt  for  their  safety  as  early  as  1848,  and 
from  that  time  one  expedition  after  another  was  sent,  some  by 
Davis  and  others  by  Behring  Strait ;  yet  with  all  the  advantages 
of  scientific  knowledge,  steam,  and  practical  skill,  the  intricacies  of 
these  frozen  seas  were  searched  in  vain,  though  searched  with  the 
zeal  of  affection  and  friendship.  Lady  Franklin,  for  whom  every- 
one felt  the  deepest  sympathy,  sent  two  ships  and  aided  in  the 
equipment  of  a  third ;  her  long  continued  hope  and  energy  lasted 
long  after  all  hope  was  at  an  end.  Even  after  the  lapse  of  more 
than  11  years  her  afl'ection  induced  her  to  send  a  steamer  to  the 
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Arctic  Seas,  trusting  that  the  crews  might  still  exist  among  the 
horde  of  Esquimaux,  or  that  some  relics  of  them  might  be  found 
should  they  have  perished. 

Two  of  the  expeditions  were  attended  by  great  and  important 
results.  The  '  Enterprise '  and  '  Investigator,'  commanded  by  Cap- 
tains OoUinson  and  M'Olure,  sailed  on  January  10,  1850,  for 
Behring  Strait.  Captain  M'Olure  in  the  '  Investigator '  arrived  fii-st, 
passed  through  the  strait,  and  with  great  difficulty  touching  at 
Capes  Barrow  and  Parry,  steered  N.  through  an  open  sea  to  an 
unknown  land,  which  turned  out  to  be  Banks  Land,  or  island,  so 
named  by  Sir  Edward  Parry,  who  had  seen  its  northern  coast 
during  the  memorable  winter  he  spent  at  Melville  Island.  Captain 
M'Olure  then  sailed  through  a  strait  between  that  island  and 
Prince  Albert  Land  to  73°  N.  lat.,  since  called  Prince  of  Wales 
Strait.  Being  prevented  by  ice  from  proceeding  farther.  Captain 
M'Olure  turned  back,  and  was  frozen  up  in  the  strait  for  9  months. 
During  that  time  excursions  were  made  in  various  directions  in 
search  of  the  missing  ships,  but  in  vain.  In  one  of  these  excursions 
it  was  found  that  Prince  of  Wales  Strait  opened  into  Barrow  Gulf, 
which  leads  by  the  Straits  of  Barrow  and  Lancaster  into  Baffin 
Bay  ;  a.nd  as  these  latter  had  been  previously  examined  from  the 
eastward  by  Parry  and  others,  this  discovery  settled  the  question 
of  the  N.W.  passage,  which  Captain  M'Olure  has  had  the  honour 
of  having  effected — the  object  of  so  many  voyages  of  peril  and 
suffering. 

In  the  late  spring  of  1852  the  '  Investigator '  was  released  from 
its  icy  prison,  but,  finding  it  impossible  to  enter  Barrow  Gulf,  and 
wishing  to  reach  Melville  Island  before  another  winter.  Captain 
M'Clure  sailed  round  the  W.  side  of  Banks  Land,  but  could  get  no 
farther  than  a  deep  bay  on  the  N.  side,  where  he  wintered,  and  to 
which  he  gave  the  name  of  the  Bay  of  God's  Mercy.  After  being 
so  long  at  sea,  their  provisions  began  to  fail,  but  at  first  the  deer 
and  musk  oxen,  which  abound  in  the  island,  furnished  them  with 
plenty  of  food  ;  however,  the  Avinters  of  1852-3  were  uncommonly 
severe,  the  men  had  to  go  far  in  chase  of  these  animals,  by  degrees 
their  strength  failed,  they  became  low,  sickly,  and  dispirited.  It 
was  an  arduous  journey  of  10  days  over  the  ice  to  Melville  Island, 
nevertheless  Captain  M'Clure  effected  it  without  any  loss,  and  de- 
posited a  paper  at  the  spot  where  Sir  Edward  Parry  had  passed  a 
winter,  in  which  he  gave  information  of  his  situation,  begged  for 
aid,  and  requested  that  those  who  might  find  it  would  forward  it  to 
England.  At  the  same  time  impressed,  after  his  long  imprisonment 
in  the  ice,  with  the  necessity  of  taking  some  decisive  step  lor  their 
rescue,  it  was  determined  that  one  part  of  the  crew,  under  com- 
mand of  the  first  lieutenant,  should  find  theii*  way  to  M'Kenzie 
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River,  aud  that  with  the  rest  the  captain  should  patiently  await 
the  brealdug  up  of  the  ice,  and  endeavour  to  navigate  the  ship  to 
Baffin  Bay. 

Anxiety  now  began  to  he  felt  for  the  fate  of  this  expedition  also, 
and  another,  consisting  of  four  ships,  saUed  from  England,  under 
the  command  of  Sir  Edward  Belcher,  in  April  1852,  for  Davis  Sti-ait. 
Two  of  the  vessels  were  to  go  in  search  of  Sir  John  Franklin  ;  the 
others,  including  the  '  Resolute,'  commanded  by  Captain  Kellett, 
had  orders  to  deposit  provisions  in  Melville  Island  for  the  '  Enter- 
prise' and  'Investigator,'  should  they  call  there.  On  arriving 
they  found  the  documents  deposited  by  Captain  M'Cliu-e,  and  a 
party  soon  after  set  out  to  discover  if  he  was  still  in  the  Bay  of 
God's  Mercy. 

On  the  day  before  their  intended  separation  (April  19,  1853), 
Captain  M'Clure  and  his  first  lieutenant  were  walking  on  the  ice, 
when  they  saw  a  man  running,  and  thought  it  one  of  the  crew 
chased  by  a  bear — it  was  Lieutenant  Pirn  of  the  '  Resolute.'  Words 
fail  to  describe  that  meeting — they  were  at  last  rescued  from  their 
perils.  The  joy  of  the  ship's  company  and  their  gratitude  to  God 
for  their  deliverance  were  unboimded.  Means  were  immediately 
adopted  for  conveying  over  the  ice  to  Melville  Island  the  '  In- 
vestigator's '  exhausted  crew,  where  they  arrived  in  June  :  a  por- 
tion remained  there,  the  most  robust  having  proceeded  to  the 
general  rendezvous  at  Beechey  Island.  All,  however,  were  destined 
to  spend  another  dreary  winter  in  the  ice ;  but  on  Sir  Edward 
Belcher  ordering  the  abandonment  of  all  the  ships  under  his  orders 
engaged  in  the  search  for  Franklin  in  May,  their  united  crews, 
including  that  of  the  '  Investigator,'  embarked  for  England,  which 
they  reached  in  the  autumn  of  1854. 

Not  discouraged  by  so  many  failures,  Lady  Franklin  fitted  out 
a  fourth  expedition,  under  the  command  of  Captain  (now  Sir 
Leopold)  M'Clintock,  who  sailed  from  Aberdeen  in  the  '  Fox  '  on 
July  17,  1857.  His  ship  was  beset  by  ice  between  Melville  Bay 
and  Lancaster  Soimd,  and  drifted  back  with  the  ice  through 
1375  m.  On  the  breaking  up  of  the  ice  Captain  M'Clintock  con- 
tinued his  voyage  and  research  under  circumstances  of  great  peril, 
but  it  was  not  till  the  spring  of  1860  that  any  traces  of  the  lost 
expedition  were  obtained.  On  the  N.W.  shore  of  King  William's 
Island,  so  desolate  that  even  the  wandering  Esquimaux  never 
approach  it,  a  tin  case  that  had  been  biuied  in  a  cairn  12  years 
before  was  discovered.  It  contained  a  written  document,  in  which 
it  was  recorded  that  Sir  John  Franklin  died  on  Jime  11,  1847, 
that  the  ships  had  been  abandoned  about  15  m.  to  the  N.N.W.  of 
that  desert  island,  and  that  105  of  the  survivors  intended  to  pro- 
ceed next  day  to  Back's  Fish  River.    These  must  have  perished 
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on  the  way.  Of  the  2000  m.  of  ocean  forming  the  N.W.  passage 
between  the  Atlantic  and  Pacific,  no  less  than  1260  m.  had  heen 
investigated  nnder  the  command  of  Sir  John  Franklin  either  by 
ship  or  boat,  and  in  this  last  and  fatal  voyage  660  m.  of  imlrnown 
sea  had  been  navigated ;  so  that  he  and  his  companions  have  the 
honour  of  being  the  first  to  make  the  N.W.  passage,  but  the  way 
was  prepared  by  the  numerous  brave  men  who  had  navigated  these 
ice  clad  seas  for  forty  years.  Captain  M'Olintock  and  his  officers 
discovered  600  m.  of  new  coast  line  of  North  America,  and  to  this 
extent  increased  our  geographical  knowledge  of  the  Arctic  limits 
of  that  continent. 

In  1871,  1872,  and  1873  Mr,  B.  Leigh  Smith  made  three  most 
interesting  expeditions  for  the  pm-pose  of  attaining  the  highest 
possible  latitude  and  of  exploring  the  unknown  lands  to  the  E.  of 
Spitzbergen. 

An  American  expedition  was  sent  out  in  1871  under  Captain 
Hall,  who  carried  his  ship — the  '  Polaris  ' — to  the  highest  lat. 
(82°  16'  N.)  which  any  ship  had  up  to  that  time  reached.  His 
death  put  an  end  to  the  expedition. 

The  Austrians  sent  out  an  expedition  in  1872-4  under  Lieut. 
Payer,  who  discovered  Franz-Joseph  Land,  an  archipelago  N.  of 
Novaia  Zemlia  between  the  parallels  80°  and  83°  N.  lat.  Sledging 
parties  reached  82°  6'  N.  lat.,  whence  land  was  sighted  at  a  con- 
siderable distance. 

On  May  29,  1876,  two  vessels,  the  '  Alert '  and  the  '  Discovery,' 
manned  by  picked  sailors  and  equipped  with  all  the  means  and 
appliances  which  experience  could  suggest,  were  placed  imder  the 
command  of  Captains  Nares  and  Stephenson,  and  sent  forth  from 
Portsmouth  by  the  British  Government  for  a  more  complete  ex- 
ploration of  the  N.  Polar  regions.  Having  penetrated  to  a  spot 
within  400  m.  of  the  N.  Pole,  they  found  instead  of  an  open  Polar 
sea  a  sea  of  ice  of  unusual  age  and  thickness,  which  they  named 
the  '  Palseocrystic  Sea,'  or  '  Sea  of  Ancient  Ice.'  The  '  Discovery  ' 
was  laid  up  for  the  winter  at  the  S.E.  corner  of  Lady  Franklin 
Bay  in  lat  81°  44'  N.  The  '  Alert '  pushed  forward  until  she  en- 
countered a  waU  of  impenetrable  ice  on  every  side ;  no  harbour 
being  obtainable  the  ship  was  secured  inside  a  sheltering  barrier 
of  groimded  ice  in  lat.  82°  27'  N.  And  in  these  quarters  the  ships' 
crews  respectively  wintered.  In  the  spring  sledge  parties  were 
despatched  E.  and  W.  and  N.  The  Northern  party  under  Com- 
mander Markham  and  Lieutenant  Parr  were  absent -72  days  and 
succeeded  in  planting  the  British  Flag  in  lat.  83°  20'  26"  N.,  the 
most  northerly  point  yet  reached  by  man.  The  party  that  went 
W.  commanded  by  Lieutenant  Aldrich,  traced  the  coast  line  for 
a  distance  of  220  m.  from  the  position  of  the  '  Alert,'  to  a  spot 
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iu  82°  10'  N.  lat.,  and  86°  30'  W.  long.  The  northernmost  head- 
land was  found  in  83°  7'  N.  lat.  and  was  named  Oape  Columbia. 
Lieutenants  Beaumont  and  Rawson  of  the  '  Discovery '  haii  charge 
of  the  E.  party ;  and  they  explored  the  coast  of  Greenland,  reaching 
a  position  70  m.  N.E.  of  Repulse  Harbour  in  lat.  82°  18'  N.,  long. 
50°  40'  W.  Lady  Franklin  Sound  and  Petermann  Fjord  were 
also  explored ;  and  President  Land,  which  recent  maps  have  been 
showing  in  about  84°  N.,  has  been  proved  to  have  no  existence. 
There  being  no  object  to  be  gained  by  spending  another  winter 
in  these  regions  the  good  ships  left  their  quarters  in  the  summer 
and  reached  Portsmouth  on  November  1,  ]  876.  Although  a  tem- 
perature of  104°  below  freezing  point  was  encountered  only  one 
death  resulted  from  frost  bite.  Three  men,  however,  died  from 
scurv;}^,  but  these  were  the  only  losses  sustained  by  the  expedition. 

§  8.  Inland  Seas. — The  ocean  is  one  mass  of  water,  which, 
entering  into  the  interior  of  the  continents,  has  formed  seas  and 
gulfs  of  great  magnitude,  that  afford  easy  and  rapid  means  of 
communication,  while  they  temper  the  climates  of  the  widely  ex- 
panding continents. 

The  inland  seas  communicating  with  the  Atlantic  are  larger  and 
penetrate  more  deeply  into  the  continents  than  those  connected 
with  the  great  ocean  ;  a  circumstance  which  gives  a  coast  line  of 
48,000  m.  in  extent  to  the  former,  while  that  of  the  great  ocean 
is  only  44,000.  Most  of  these  internal  seas  have  extensive  river 
tributaries,  so  that  by  inland  navigation  the  Atlantic  virtually 
enters  into  the  deepest  recesses  of  the  land,  brings  remote  regions 
into  contact,  and  improves  the  condition  of  the  less  cultivated  races 
of  mankind  by  commercial  intercom-se  with  those  that  are  more 
civilised. 

The  Baltic,  which  with  its  arms  has  an  area  of  134,900  sq.  m. 
in  the  centre  of  Northern  Europe,  is  one  of  the  most  important  of 
the  inland  seas  connected  with  the  Atlantic,  and  although  inferior 
to  the  others  in  size,  the  drainage  of  more  than  a  fifth  of  Europe 
flows  into  it.  Only  about  a  fourth  part  of  the  boundary  of  its 
enormous  basin  of  900,000  sq.  m.  is  mountainous ;  and  so  many 
navigable  rivers  flow  into  it  from  the  watershed  of  the  gi-eat 
European  plain,  that  its  waters  are  nearly  a  fourth  less  salt  than 
those  of  the  Atlantic :  it  receives  at  least  250  streams.  Its  depth 
nowhere  exceeds  120  fathoms,  and  generally  it  is  not  more  than 
40  or  50.  From  that  cause,  together  with  its  freshness  and  its 
higher  northern  latitude,  the  Baltic  is  frozen  during  6  months  in 
the  year. 

From  the  flatness  of  the  greater  part  of  the  adjacent  country,  the 
1  See  Captain  Nares'  Report  to  the  Lords  Commissioners  of  the  Admiralty.  ' 
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climate  of  the  Baltic  is  subject  to  influences  that  have  their  orimn 

;LTr^    ?  ^'"^^  Tie  winds  from 

the  Atlantic  bring  warmth  and  moisture  which,  condensed  by  the 
cold  blasts  from  the  Ai-ctic  plains,  falls  in  rain  in  summer,  and 
deep  snow  m  winter,  which  diminishes  its  saltness;  but  an  under 

tTd  stftrpTH        '  "^'^      ^""^''^  Sound.  Eegular 

t  des  m  the  Baltic  are  imperceptible  ;  but  the  waters  occasionally 
iise  more  than  3  ft.  above  their  usual  level  from  some  nnknown 

cnauges  ol  atmospheric  pressm-e. 

to  wSttX^'t  r'''^'''  deeply  into  the  continent,  has, 

together  with  the  Sea  of  Azov,  an  area  of  172,505  sq.  m  •  it  was 
at  a  remote  period  probably  imited  with  the  Caspian  Lake  tlTeir 
waters  having  covered  all  the  steppe  of  Astrakhan    It  t'c  te 
some  of  the  largest  European  rivers,  and  drains  about  950  oToT 

shoie^TnTrte^  T  "^'"^       ^^^^  -  ^'ISu 

sJioies  in  winter.    It  is  very  deep,  no  bottom  havino-  been  reached 

m  some  places  at  960  ft.  ;  on  the  melting  of  the  snow  such  a  bolv 
of  water  is  pom-ed  into  it  by  the  great  Em-opean  Ter  as  to  nio 
duce  a  rapid  current,  which  set^  nlnnn-  +l        /     i  ^ 
mouth  of  the  DneipL.  to  th  "C?    T ""^  *°  ' 

almost  be  eoneidered  as  the  cstuarv  of  th^'n        f    f  '^^ 

important,  coverinr^;^  tf  f  f  ^7"" 

sq.  m.    Situated   n  a   om^ativtlv  T  "^^^'^  ^'^^^'^OO 

heat  of  the  African  Lt7Z  r  i      l^^'^''^^'  '^^""'"^ 
tbe  high  land  of  Souta  ZZ  '^1:'^^"^' 
that  accoimt  the  water  of  thp  S:       ^'^^?''^^'^^      g^eat;  on 
the  ocean,  and  for  the  sai  "  ^^^^  ^^^^ 

higher  than  that  of  theTtWic  i^.  temperature  at  its  sm-face  is 
decrease  so  rapidlv  dolwa^^^^^^^  ^t  does  not 

constant  at  depths  of  Zl  lfo  to  ToOo  Z^  ^^'^"-^^ 
situations.^    Althouo-h  it^own  2^1  ?         • the 

'  Mean  temperature  of  the  Mediterranean,  67-3 
2  It'may  be  rLarder]  nl'    ^"'""^^^     the  same  lat.,  67°-l. 
-s,  at  greit  i:^'  ^  :^^^^  ^'^^  ''''  *-P«™ture  of  all  inland 
in  tlK.  latitudes  .vher'e  they  are  .ituS.  '^-P^rature  of  the  earth 
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great  part  of  tlie  drainage  of  the  Bkck  Sea,  so  that  it  is  really 
fed  by  the  melted  snow  and  rivers  from  the  Caucasus,  the  moun- 
tains of  Asia  Minor  and  Abyssinia,  the  Atlas,  and  the  Alps. 
The  quantity  of  water  that  flows  into  the  Mediterranean  from 
the  Atlantic  by  the  superficial  current  in  the  Strait  of  Gibraltar 
escapes  by  evaporation. 

The  surface  of  the  Mediterranean  has  the  same  level  mth  the 
Eed  Sea,i  and  there  was  therefore  no  insuperable  difficulty  in 
cutting  a  ship  canal  from  Lake  Menzaleh  to  the  Red  Sea  at  Suez. 
Its  actual  width,  over  the  greater  part  of  its  length,  does  not 
permit  of  two  vessels  passing  or  crossing  each  other  in  the  Canal 
itself;  but  there  are  numerous  sidings,  by  which  vessels  are  enabled 
to  cross  one  another,  and  the  passage  is  quickened.  ^  On  March  3, 
1876  33  large  vessels  were  traversing  the  Canal  simultaneously, 
some  from  Port  Said  and  others  from  Suez.  Vessels  measuring 
430  ft.  in  length  and  drawing  25  ft.  9  in.  of  water  have  passed 
safely  through'^the  Canal.    (See  also  pp.  86  and  87.) 

The  Mediterranean  is  divided  into  two  basins  by  a  shallow 
Tjlateau  that  runs  from  Cape  Bon  on  the  African  coast  to  the 
S.  and  W.  coasts  of  Sicily,  the  depth  varying  from  7  to  240 
fathoms.  On  each  side  of  this  ridge  the  water  is  exceedingly  deep. 
In  the  Strait  of  Gibraltar  the  greatest  depth  does  not  exceed  450 
fathoms  •  but  E.  of  this  the  depth  increases  considerably  ia  some 
places  — between  Algiers  and  Toulon  to  1600  fathoms.  .The 
soundings  executed  for  laving  down  the  submarine  telegraph  cable 
between  Sardinia  and  the  coast  of  Africa  gave  still  greater 
depths.  E.  of  the  meridian  of  Malta  commences  the  second  deep 
basin  which  extends  uninterruptedly  to  the  coast  of  Syria,  in 
the  midst  of  which  rises  abruptly  the  Island  of  Candia.  From 
the  soundings  executed  bv  two  of  our  most  distinguished  naval 
surveyors.  Captains  Maunsell  and  Spratt,  the  gi-eatest  depth  be- 
tween the  17th  and  19th  meridians  E.  of  Greenwich  is  2170 
fathoms  •  and  on  a  line  between  Alexandria  and  Rhodes,  1600. 
At  Nice'  within  a  few  yards  of  the  shore,  it  is  ueariy  700  fathoms 
deep  This  sea  is  not  absolutely  without  tides  ;  m  the  Adriatic 
thev'rise  5  ft.  in  the  port  of  Venice,  at  the  great  Syrtis  5  ft.  at 
new  and  fuU  moon,  at  Naples  about  12  inches,  but  m  most  other 
T)laces  they  are  scarcely  perceptible.  The  surface  is  'traversed  by 
various  currents,  two  of  which,  opposing  one  another  occasion  the 
relebrated  whirlpool  of  Charybdis,  the  terrors  of  which  were  mucli 
SmSed  by  thl  earthquake  of  1783.   Its  bed  is  subject  to  violent 

1  The  surveys  executed  for  tbe  maritime  canal  bet^^en  the  Meditermnean 
a«d  Sue.'  sSoled  tluit  the  diflcrence  of  level  between  the  two  sea^s  if  any,  is 
yery  trifling. 
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Tolcanic  imroxysms,  and  its  surface  is  studded  with  islands  of  all 
sizes,  from  the  magnificent  kingdom  of  Sicily  to  mere  barren  rocks, 
some  actively  volcanic,  others  of  volcanic  formation,  and  many  of 
the  secondary  geological  period.  Various  parts  of  its  coasts  are  in 
a  state  of  great  instability ;  in  some  places  they  have  sunk  down 
and  risen  again  more  than  once  within  the  historical  period  ;  but 
these  are  produced  by  local  causes  and  are  not  general. 

In  the  Carihhean  Sea  and  the  Mexican  Gulf  the  temperature  is 
about  83°  o  Fahr.,  while  the  Atlantic  Ocean  in  the  same  latitude  is 
not  above  77°  or  79°.    Of  that  huge  mass  of  water,  partially 
separated  from  the  Atlantic  by  a  long  line  of  islands  and  banks, 
the  Caribbean  Sea  is  the  largest ;  it  is  as  long  from  E.  to  W.  as 
the  distance  between  Great  Britain  and  Newfoundland,  and 
occupies  1,000,000  sq.  m.    Its  depth  in  many  places  is  very  great 
and  its  water  is  limpid.  The  Gulf  of  Mexico,  fed  by  the  Mssissippi' 
one  of  the  greatest  of  rivers,  is  more' than  half  its  size,  or  about 
800,000  sq.  m.  so  that  the  whole  forms  a  sea  of  great  mao'uitude 
Its  shores,  and  the  shores  of  the  numerous  islands,  are  dano-erous 
from  shoals  and  coral  reefs,  but  the- interior  of  these  seas  Is  not 
The  trade  winds  prevail  there ;  these  seas  are  also  subject  to  severe 
northern  gales,  and  some  parts  of  them  are  occasionally  visited  bv 
tremendous  hurricanes. 

_  The  accm-ate  sm-veys  undertaken  for  the  railroad  across  the 
isthmus  have  shown  that  there  is  no  other  difference  of  level 
between  the  Atlantic  and  Pacific  than  that  depending  on  the  dif- 
ferent times  of  high  and  low  water,  produced  by  the  tides  on  the 
eastern  and  western  shores. 

th.m.*  A'.f'f  P'^'*'"*'       ^"""^  '^^^  manner 

•that  the  Atlantic  does  the  continent  of  Europe,  there  are  fewer  o-^eat 
gulfs,  or  internal  seas.  Of  the  latter,  the  Sea  of  OMotsk  is'  the 
most  extensive.  ^ 

The  Red  Sea  and  the  Persian  Gulf  are  joined  to  the  Indian 
Ocean  by  very  narrow-  straits.  The  physical  geoo-raphy  of  the  Red 
Sea  IS  better  known  and  is  of  more  im^ortanfe  since  it'  has  beefme 
the  most  direct  highway  to  our  eastern  possessions.  SeparS 
Afnca  fi-om  Araba,  it  extends  in  a  N.E.  direction  foriMO 
from  the  Strait  of  Babel-Mandeb  to  the  Isthmus  of  8110.  T,'. 
greatest  breadth  is  230  m.,  but  it  is  onlv  79  1  ? 
penin.,..  „,  Sinai  causes  It  to  Mteat'il'  LTLT '1:.^ ft 
Its  greatest  ascertained  depth  exceeds  1000  fathoms.    The 'ffSf 
0/  W  IS  107  n,.  lony,  its  greatest  breadth  is  30  m  hut  at  i4 

The  Oulf  ofAkaU  is  not  so  large,  being  100  m.  long  a„d  16  m. 
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across.  It  is  much  deeper,  no  bottom  having  been  found  with  a 
line  of  200  fathoms  in  some  places;  its  general  depth  is  120 
fathoms. 

The  Strait  of  Bahel-Mandeb  is  divided  hy  the  Island  of  Perim, 
which  has  an  excellent  roadstead,  where  a  fleet  might  lie  in  safety 
under  shelter  of  volcanic  cliffs.  The  wider  channel  is  13  m.  across, 
with  a  depth  of  100  fathoms  in  the  middle.  The  ships  from  Aden 
prefer  the  lesser,  which  is  only  a  mile  and  three  quarters  broad, 
but  in  mid-channel  there  are  30  fathoms  water  with  a  sandy 
bottom  up  to  both  shores,  so  it  may  be  passed  at  all  times  of  the 
tide.  The  Gulf  of  Aden  is  a  funnel  shaped  estuary  900  m.  long 
and  nearly  200  across  from  the  N.  W.  point  of  Africa  to  the  Arabian 
shore ;  the  central  channel  deep,  shoaling  to  the  shores,  along  which 
the  water  is  shallow. 

Scarcely  any  rain  falls  in  the  Red  Sea,  and  no  fresh  water  enters 
it ;  hence,  by  excessive  evaporation  in  that  dry  region  and  low  lati- 
tude, it  would  by  this  time  have  been  evaporated  and  converted 
into  one  mass  of  solid  salt,  were  it  not  that  as  fast  as  salt  water  is 
brought  in  from  the  ocean  by  the  upper  currents  it  is  carried  out 
again  by  those  beneath.  Dr.  Buist  computed  that  ]  66  cubic  m.  of 
water  are  annually  dissipated  in  vapour  from  the  Eed  Sea,  all  of 
which  is  replaced  by  surface  currents  from  the  ocean,  while  the 
brine  resulting  from  this  excessive  evaporation,  by  its  specific 
gravity,  sinks  to  the  bottom  and  flows  out  as  an  under  cm-rent ;  this 
exchange  is  so  constant  and  so  great  that  he  considered  it  more 
than  probable  that  the  Red  Sea  changes  the  entire  amount  of  its 
waters  at  least  once  a  year. 

It  is  an  invariable  law  when  seas  of  different  densities  are  con- 
nected that  an  exchange  of  water  must  take  place,  a  salt  and  dense 
under  current,  and  a  less  salt  and  consequently  Ughter  sm-face  cur- 
rent, flowing  itt  an  opposite  direction. 

The  summer  monsoon  is  S.E.  in  the  region  of  the  Red  Sea,  thus 
blowing  down  its  axis  for  4  months,  while  during  the  rest  of  the 
year  the  wind  is  from  the  N.  W.  The  water  of  this  sea  is  extremely 
pure  and  transparent,  of  an  intense  blue,  changing  to  greenish  blue, 
bluish  green,  and  green,  according  as  the  coral,  which  is  mostly 
white,  lies  near  the  sm-face. 

The  Red  Sea  and  Arabian  Gulf  are  covered  with  large  patches, 
varyintr  in  size  from  a  few  yards  to  some  square  miles,  of  an  in- 
tensely^ blood  red  colour,  derived  from  auimalciUse,  which  are  par- 
ticularly abundant  in  spring. ' 

Aknost  all  the  internal  seas  on  the  eastern  coasts  of  Asia,  except 

1  Dr.  Buist,  of  Bombay,  on  the  '  Physical  Geography  of  the  Red  Sea,'  in 
«  jourual  of  Geographical  Society  of  Loudon.' 
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the  Yellow  Sea,  are  great  gulfs  sliut  in  by  islands,  like  the  Carib- 
bean Sea  and  the  Gulf  of  Mexico,  such  as  the  China  Sea,  the  seas 
of  Japan  and  of  Okhotsk. 

The  set  of  the  great  oceanic  currents  has  scooped  out  and 
indented  the  southern  and  eastern  coasts  of  the  Asiatic  continent 
into  enormous  bays  and  gulfs,  and  has  separated  large  portions  of 
the  land,  which  now  remain  as  islands — a  process  which  probably 
has  been  increased  by  the  submarine  fires  extending  along  the 
eastern  coast  from  the  equator  nearly  to  the  Arctic  Circle. 

The  perpetual  agitation  of  the  ocean  by  winds,  tides,  and  cur- 
rents is  continually,  but  slowly",  changing  the  form  and  position  of 
the  land — steadily  producing  those  vicissitudes  on  the  surface  of  the 
earth  to  which  it  has  always  been  subject,  and  to  which  it  will 
assm-edly  be  liable  in  all  succeeding  ages. 


CHAPTER  XIX. 

EIVEEB. 

§.  1.  Origin  of  Spring's,  and  tbeir  temperatures. — The  in- 
visible vapour  which  rises  from  the  land  and  water  ascends  in  the 
atmosphere  till  it  is  condensed  by  the  cold  into  clouds,  which 
restore  it  again  to  the  earth  in  the  form  of  rain,  hail,  and  snow  ; 
hence  there  is  probably  not  a  drop  of  water  on  the  earth's  surface 
that  has  not  been  borne  on  the  wings  of  the  wind.  Part  of  this 
moisture  restored  to  the  earth  is  re-absorbed  by  the  air,  part  supplies 
the  wants  of  animal  and  vegetable  life,  a  portion  is  carried  off  by 
the  streams,  and  the  remaining  part  penetrates  through  porous  soils 
till  it  arrives  at  a  stratum  impervious  to  water,  where  it  accumulates 
in  subterranean  lakes,  often  of  great  extent.  The  mountains  re- 
ceive the  greatest  portion  of  the  aerial  moisture,  and  fi-om  the  many 
alternations  of  permeable  and  impermeable  strata  they  contain,  a 
complete  system  of  reservoirs  is  formed  in  them  ;  and  these,  con- 
tinually overflowing  form  perennial  springs  at  different  elevations 
which  uniting  and  running  down  their  sides,  fonii  the  sources  of 
rivers.  A  great  portion  of  the  water  at  these  high  levels  penetrates 
the  earth  till  it  comes  to  an  impermeable  stratum  below  the  plains, 
where  it  collects  in  sheets,  or  nappes,  and  is  forced  by  hydraidic 
pressure  to  rise  in  springs  through  openings  in  the  groimd  to  the 
surface.  In  this  manner  the  water  which  falls  on  hills  and  moun- 
tains is  carried  through  highly  inclined  strata  to  great  depths^  and 
even  below  the  bed  of  the  ocean,  in  many  parts  of  which  there 
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exist,  from  this  cause,  spviugs  of  fresh  water.  In  Ix  ring  Artesian » 
wells  the  water  often  rushes  up  with  such  impetuosity  by  the 
hydrostatic  pressure  as  to  form  jets  40  or  50  ft.  high.  In  this 
operation  several  successive  reservoirs  have  been  met  with ;  at  St. 
Ouen,  near  Paris,  live  sheets  of  water  were  found  ;  that  in  the  first 
four  not  being  good,  the  operation  was  continued  to  a  gi-eater 
depth ;  it  consists  merely  in  boring  a  hole  of  small  diameter  and 
lining  it  with  a  metallic  tube.  It  rarely  happens  that  water  may 
not  be  procured  in  this  way  ;  and  as  the  substratum  in  many  parts 
of  deserts  is  an  argillaceous  marl,  it  is  probable  that  Artesian  wells 
might  be  bored  with  success  in  the  most  arid  regions.  This  has 
of  late  years  been  verified  to  great  advantage  in  Algeria,  where 
Artesian  wells  have  brought  fertility  to  districts  hitherto  arid  and 
uncultivated. 

A  spring  will  be  intermittent  when  it  issues  from  an  opening  in 
the  side  of  a  reservoir  fed  from  above,  if  the  supply  be  not  equal 
to  the  waste,  for  the  water  will  sink  below  the  opening  and  the 
spring  will  stop  till  the  reservoir  is  replenished.  Few  springs  give 
the  same  quantity  of  water  at  all  times,  those  near  the  siuface  de- 
pending for  their  supply  on  the  water  that  percolates  the  sm-face ; 
they  also  vary  much  in  the  quantity  of  foreign  matter  they  con- 
tain. Mountain  springs  are  generally  very  pure ;  the  carbonic 
acid  gas  almost  always  found  in  them  escapes  into  the  atmosphere, 
and  their  earthy  matter  is  deposited  as  they  run  along ;  so  that 
river  water  from'  such  sources  is  soft,  while  wells  and  springs  in 
the  plains  are  hard  and  more  or  less  mineral. 

Springs  acquire  their  temperature  from  that  of  the  strata 
through  which  they  pass  ;  moimtain  springs  are  cold,  but  if  the 
water  has  penetrated  deep  into  the  earth  it  acquii-es  a  temperature 
depending  on  that  circumstance. 

The  temperature  of  the  surface  of  the  earth  varies  with  the 
seasons  to  a  certain  depth,  where  it  becomes  pei-mauent  and  for 
the  most  part  equal  to  the  mean  annual  temperature  of  the  air 
above.  It  is  evident  that  the  depth  at  which  this  stratum  of  in- 
variable temperature  lies  must  vary  with  the  latitude.  At  the 
equator  the  eti'ect  of  the  seasons  is  imperceptible  at  the  depth  of  a 
I'oot  below  the  surface :  between  the  40th  and  52nd  parallels  the 
temperature  of  the  ground  in  Europe  is  constant  at  the  depth  of 
from  55  to  60  ft. :  and  in  the  high  Arctic  regions  the  soil  is  per- 
petually frozen  a  foot  below  the  surface.  Now,  in  every  part  of 
the  world  where  experiments  have  been  mads  the  temperatm-e  of 
the  earth  increases  with  the  depth  below  the  constant  stratum 


1  Artesian  wells  are  so  called  from  their  having  been  first  used  in  the 
French  province  of  Artois, 
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at  the  rate  of  1°  Falir.  for  every  60  or  60  ft.  of  perpeudicular 
depth:  hence,  should  the  increase  continue  to  loUow  the  same 
raiio,  even  granite  must  he  in  fusion  at  little  more  than  hve  miles 
below  the  surface.  In  Siberia  the  stratum  of  frozen  earth  is^  some 
hundred  feet  thick,  but  below  that  the  increase  of  heat  with  tJie 
depth  is  three  times  as  rapid  as  in  Europe.  The  temperature  ot 
spiin-s  must  therefore  depend  on  the  depth  to  which  the  water  has 
penetaated  before  it  has  been  forced  to  the  surface,  either  by  the 
hvdrostatic  pressm-e  of  water  at  higher  levels  or  by  steam,  it  it 
uCTer  descends  below  the  stratmn  of  invariable  temperatm-e,  the 
heat  of  the  soui-ce  will  vary  with  the  seasons,  more  or  less,  accord- 
ino-  to  the  depth  below  the  surface:  should  the  water  come  irom 
the  constant  stratmn  itself,  its  temperature  will  be  mvariable ;  and 
if  from  below  it,  the  heat  will  be  increased  in  proportion'  to  the 
depth  to  which  it  has  penetrated.  Thus,  there  may  be  hot  and 
even  boUing  springs  himdreds  of  miles  distant  fi-om  volcamc  action 
and  volcanic  strata,  of  which  there  are  many  examples,  though 
they  are  more  fi-equent  in  volcanic  countries  and  in  those  subject 
to  earthquakes.  The  temperature  of  hot  springs  is  very  constant 
and  that  of  boiling  springs  has  remained  imchanged  for  ages  ; 
shocks  of  earthquakes  sometimes  aiiect  their  temperature,  and 
have  even  stopped  them  altogether.  Jets  of  steam  of  high  tension 
are  frequent  in  volcanic  countries,  as  in  Iceland. 

Water  both  hot  and  cold  dissolves  and  combines  with  many  of 
the  mineral  substances  it  meets  with  iu  the  earth,  and  comes  to 
the  surface  from  great  depths  as  medicinal  springs,  containing 
various  chemical  ingredients.  So  numerous  are  they  that  in  the 
Austrian  dominions  alone  there  are  1500  ;  and  few  coimtries  of  any 
extent  are  destitute  of  them.  They  contain  hydro-sulphuric  and 
carbonic  acids,  sulphur,  iron,  magnesia,  and  other  substances. 
Boiling  springs  deposit  silex,  as  in  Iceland  and  in  the  Azores ; 
and  others  of  lower  temperature  deposit  carbonate  of  lime  in  great 
quantities  all  over  the  world.  Springs  of  pure  brine  are  rare; 
those  in  Cheshire  are  rich  in  salt,  and  have  flowed  imchanged  1000 
years,  a  proof  of  the  trf^nquil  state  of  that  part  of  the  globe. 
Many  substances  that  lie  beyond  our  reach  are  brought  to  the 
surface  by  springs,  such  as  naphtha,  petroleum,  and  boracic  acid ; 
petroleum  is  abundant  in  Persia ;  numberless  springs  and  lakes  of 
it  surround  some  parts  of  the  Caspian  Sea,  and  the  oil  springs  of 
Pennsylvania  yield  more  than  1,000,000  barrels  of  crude  oil  per 
annum.  Boracic  acid,  originally  a  gaseous  emanation,  is  almost 
pecuhar  to  Tuscany ;  it  is  found  also  in  the  Western  Himalaya, 
and  in  combination  with  soda  in  some  parts  of  Tibet. 

§  2.  Rivers  have  had  a  greater  influence  on  the  location  and 
fortimes  of  the  human  race  than  almost  any  other  physical  cause, 
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anTXdrlTtr^  the  mo,,tains,  alpine  lakes/Ltdto^ 
and  glaciers  but  the  everlasting  storehouses  of  the  mightiest  floods 
aie  the  ice  clad  mountains  of  table-lands. 

Rivers,  in  descending  the  mountains  and  traversing  the  nlains 
are  constant  ^  increased  by  tributaries,  till  at  last  th!y  flol  into 
the  ocean,_  their  ultimate  destination  and  remote  origin  'lu 
rivers  run  into  the  sea,  yet  the  sea  is  not  fiiU,'  because  it  gives  in 
evaporation  an  equivalent  for  what  it  receives 

inH-'^^!i'^*ir*'''  ^"'^      P^'^^fi^  O'^^^^s  are  directly  or 

ZtT  \  *^t^'^7^ents  of  all  the  rivers;  therefore  their  basins 
are  boimded  by  the  prmcipal  watersheds  of  the  continents  :  for  the 
baszn  of  a  sea  or  ocean  does.notmean  only  the  bed  actuaUy  occupied 
by  the  water,  but  comprehends  also  aU  the  land  drained  by  the 
rivers  which  fall  into  it,  and  is  bounded  by  an  imaginary  line 
passing  through  all  their  som-ces.  These  lines  generaUy  nm 
through  the  elevated  parts  of  a  country  that  divide  the  streams 
which  flow  m  one  direction  from  those  that  flow  in  another,  But 
the  watershed  does  not  coincide  in  all  cases  with  mountain  crests 
ot  gTeat  elevation,  as  the  mere  convexity  of  a  plain  is  often  sufficient 
to  throw  the  streams  into  difterent  directions. 

From  the  peculiar  structure  of  the  highlands  and  mountain 
chains,  by  far  the  greater  number  of  important  rivers  on  the  globe 
flow  mto  tlie  ocean  in  an  easterly  direction,  those  which  flow  to 
the  S.  and  N.  being  the  next  m  size,  while  those  that  flow  in  a 
westerly  direction  are  comparatively  small  and  unimportant. 

The  course  of  every  river  is  changed  when  it  passes  fi-om  one 
geological  formation  to  another,  or  by  dislocations  of  the  strata : 
the  sudden  deviations  in  their  directions  are  generally  owing  to  the 
latter  circumstance. 

None  of  the  European  rivers  flowing  directly  into  the  Atlantic 
exceed  the  fom-th  or  fifth  magnitude,  except  the  Ehine ;  the  rest 
of  the  principal  streams  reach  it  indirectly  throug-h  the  Baltic,  the 
Black  Sea,  and  the  Mediterranean.  It  nevertheless  receives  nearly 
half  the  waters  of  the  old  continent  and  almost  all  of  the  new, 
because  the  Andes  and  Eocky  Mountains  which  form  the 
watershed  of  the  American  continent  lie  along  its  western  side 
and  the  rivers  which  rise  on  their  western  slopes  flow  to  the  E., 
whilst  those  of  the  AUeghanies  are  tributaries  to  the  Mississippi, 
which  comes  indirectly  into  the  Atlantic  by  the  Gulf  of  Mexico. 

The  Arctic  Ocean  drains  the  high  northern  latitudes  of  America, 
and  receives  those  great   Siberian  rivers  that  oris-iuate  in  the 
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Altai  range  from  tlie  Steppe  of  tlie  Kirghiz  to  the  extremity  of 
Kamtschatka,  as  well  as  the  very  inferior  streams  of  North  Em-opean 
Russia.  The  running  waters  of  the  rest  of  the  world  flow  into 
the  Pacific.  The  Caspian  and  Lake  Aral  are  mere  salt  water  lakes, 
which  receive  rivers,  but  emit  none.  However,  nearly  one  half  of 
all  the  rimning  water  in  Europe  falls  into  the  Black  Sea  and  the 
Caspian. 

Mountain  torrents  gradually  lose  velocity  in  their  descent  to  the 
low  lands  by  friction,  and  when  they  enter  the  plains  their  course 
becomes  still  more  gentle  and  their  depth  greater.  A  slope  of  one 
foot  in  200  prevents  a  river  from  being  navigable,  and  a  greater  in- 
clination forms  a  7-apid  or  cataract.  The  speed,  however,  does  not 
depend  entirely  upon  the  slope,  but  also  upon  the  height  of  the 
source  of  the  river,  and  the  pressiire  of  the  body  of  water  in  the 
upper  part  of  its  course ;  consequently,  under  the  same  circimi- 
stances,  large  rivers  run  faster  than  small,  but  in  each  individual 
stream  the  velocity  is  perpetually  varying  with  •  the  form  of  the 
banlis,  the  winding  of  the  course,  and  the  changes  in  the  width  of 
the  channel.  The  Rhone,  one  of  the  swiftest  of  European  rivers, 
has  a  declivity  of  one  foot  in  2624,  and  flows  at  the  rate  of  120  ft. 
in  a  minute  ;  the  sluggish  rivers  in  Flanders  have  only  one  half  that 
velocity.  ^  The  Danube,  the  Tigris,  and  the  Indus  are  among  the 
most  rapid  of  the  large  rivers.  In  flat  countries  rivers  are  generally 
raore  meandering,  and  thus  they  afibrd  a  greater  amount  of  in-iga- 
tion  ;  the  windings  of  the  Vistula  are  nearly  equal  to  nine  tenths 
of  its  direct  course  from  its  source  to  its  mouth. 

When  one  river  falls  into  another,  the  depth  and  velocity  are  in- 
creased, but  not  always  proportionately  to  the  width  of  the  channel, 
which  sometimes  even  becomes  less,  as  at  the  junction  of  the  Ohio 
with  the  Mississippi.  When  the  angle  of  junction  is  very  obtuse, 
and  the  velocity  of  the  tributary  stream  greatj  it  sometimes  forces 
the  water  of  its  primary  to  recede  a  short  distance.  The  Arve, 
swollen  by  a  freshet,  occasionally  drives  the  water  of  the  Rhone  back 
into  the  Lake  of  Geneva  ;  and  it  once  happened  that  the  force  was 
so  great  as  to  make  the  mill  wheels  revolve  in  a  contrary  direction. 

Streams  sometimes  suddenly  disappear,  and  after  flowing  under- 
ground to  some  distance  reappear  at  the  surface,  as  in  Derbyshire. 
Instances  have  occurred  of  rivers  suddenly  stopping  in  their  courses 
for  some  hours  and  leaving  their  channels  dry.  On  November 
26,  1838,  the  water  failed  so  completely  in  the  Clyde,  Nith,  and 
Teviot,  that  the  mills  were  stopped  8  hours  in  the  lower  part  of 
their  streams.  The  cause  was  the  coincidence  of  a  gale  of  vsdnd 
and  a  strong  frost,  which  congealed  the  water  near  their  sources. 
Exactly  the  contrary  happens  in  the  Siberian  rivers,  which  flow 
from  S.  to  N.  over  so  many  hundreds  of  miles ;  the  upper  parts 
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are  thawed  while  the  lower  are  still  frozen,  and  the  water,  not 
tinding  an  outlet,  inundates  the  country. 

The  alluvial  soil  carried  down  by  streams  is  gradually  deposited 
as  their  velocity  diminishes ;  and  if  they  are  subject  to  inundations, 
and  the  coast  is  fiat,  it  forms  deltas  ^  at  their  mouths ;  there  they 
generally  divide  into  branches,  which  often  join  again,  or  are  united 
by  transverse  channels,  so  that  a  labyrinth  of  streams  and  islands 
is  formed.  Deltas  are  sometimes  found  in  the  interior  of  the  con- 
tinents at  the  junction  of  rivers,  exactly  smiilar  to  those  in  the 
ocean,  though  less  extensive :  deltas  are  said  to  be  maritime,  laeus- 
trine,  or  Jluviatile,  according  as  the  stream  that  forms  them  falls 
into  the         lake,  or  another  river. 

Tides  flow  up  some  rivers  to  a  great  distance,  and  to  a  height 
above  that  of  their  level  in  the  sea  :  the  tide  is  perceptible  in  the 
river  Amazon  676  m.  from  its  mouth,  and  it  ascends  255  m.  in  the 
Orinoco. 

In  the  temperate  zones  rivers  are  subject  to  floods  from 
autumnal  rains,  and  the  melting  of  the  snow,  especially  on  moun- 
tain ranges.  The  Po,  e.g.,  spreads  desolation  far  and  wide  over 
the  plains  of  Lombardy ;  but  these  torrents  are  as  variable  in  their 
recm'rence  and  extent  as  the  climate  which  produces  them.  The 
inimdatious  of  the  rivers  of  the  torrid  zone,  on  the  contrary,  occur 
with  a  regularity  peculiar  to  a  region  in  which  meteoric  phenomena 
are  uniform  in  all  their  changes.  These  floods  are  due  to  the 
periodical  rains,  which  in  tropical ,  countries  follow  the  cessation 
of  the  trade  winds  after  the  vernal  equinox  and  at  the  tm-n  of  the 
monsoons,  and  ai'e  thus  dependent  on  the  declination  of  the  sun, 
the  immediate  cause  of  all  these  variations.  The  melting  of  the 
snow,  no  doubt,  adds  greatly  to  the  floods  of  the  tropical  rivers 
which  rise  in  high  mountain  chains,  but  it  is  only  an  accessory 
circumstance ;  for  although  the  snow  water  fi'om  the  Himalayas 
swells  the  streams  considerably  before  the  rains  begin  yet  the 
principal  eflect  is  owing  to  the  latter,  as  the  southern  face  of  these 
mountains  is  not  beyond  the  influence  of  the  monsoon,  and  the  con- 
sequent periodical  rains,  which  prevail  also  all  over  the  plains  of 
India  that  are  traversed  by  the  great  rivers  and  their  tributai'ies. 

Under  like  circiunstances  the  floods  of  rivers  whose  sources 
are  in  the  same  latitude  take  place  at  the  same  season  ;  but  the 
periods  of  the  inundations  of  rivers  on  one  side  of  the  equator  are 
exactly  the  contrary  of  what  they  are  in  rivers  on  the  other  side. of 
it,  on  accoimt  of  the  declination  of  the  sun.  The  flood  in  the 
Orinoco  is  at  its  greatest  height  in  the  month  of  August,  while  that 


1  A  delta  is  a  triangular  piece  of  land  ;  it  is  so  called  from  its  likeness 
to  a  A  (Delta)  the  fomth  letter  of  the  Greek  alphabet. 
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of  the  river  Amazon,  S.  of  the  eqiiinoctial  line,  is  at  its  greatest 
eleyation  in  May.  The  commencement  and  end  of  the  annual  in- 
uudations  in  each  liver  depend  upon  the  average  time  of  the 
beginning,  and  on  the  duration  of  the  rains  in  the  latitudes  tra- 
versed by  its  affluents.  The  periods  of  the  floods  in  such  rivers  as 
run  towards  the  equator  are  difiereut  from  those  flo-wing  in  an 
opposite  direction  ;  and  as  the  rise  requires  time  to  travel,  it 
happens  at  regidar  but  diflerent  periods  in  various  parts  of  the 
same  river,  if  very  long.  The  height  to  which  the  water  rises  in 
the  annual  floods  depends  upon  the  nature  of  the  country,  but  it  is 
wonderfully  constant  in  each  individual  river  where  the  com-se 
is  long ;  for  the  inequality  in  the  quantity  of  rain  in  a  district 
drained  by  any  of  its  affluents  is  imperceptible  in  the  general  flood, 
and  thus  the  quantity  of  water  carried  down  is  a  measure  of  the 
mean  humidity  of  the  whole  comitry  comprised  in  its  basin  from 
year  to  year.  By  the  admirable  arrangement  of  these  periodical 
inundations,  the  fresh  soil  of  the  mountains,  borne  down  by  the 
water,  em-iches  countries  far  remote  from  their  source.  The  waters 
from  the  high  lands  on  the  northern  border  of  the  great  plateau, 
and  of  Abyssinia,  have  fertilised  the  banks  of  the  Nile  through  a 
distance  of  2500  m.  for  thousands  of  years. 

When  rivers  rise  in  mountains,  water  communication  between 
them  in  the  upper  parts  of  their  course  is  impossible ;  but  when 
they  descend  to  the  plains,  or  rise  in  the  low  lands,  the  boundaries 
between  the  countries  drained  by  them  become  low,  and  the  dif- 
ferent systems  may  be  imited  by  canals.  It  sometimes  happens 
in  extensive  and  very  level  plains  that  the  tributaries  of  the  prin- 
cipal streams  either  imite  or  are  connected  by  a  natural  canal  by 
which  a  communication  is  formed  between  the  two  basins — a  cir- 
cumstance advantageous  to  the  navigation  and  commerce  of  both 
especially  where  the  junction  takes  place  far  inland,  as  between 
the  Orinoco  and  Amazon  in  the  interior  of  South  America.  The 
Eio  Negro,  one  of  the  largest  affluents  of  the  latter,  is  united  to 
the  Upper  Orinoco,  in  the  plains  of  Esmeralda,  by  the  Oassiquiare 
— a  stream  as  large  as  the  Ehine,  vrith  a  velocity  of  12  ft.  per 
second.  Humboldt  observes  that  the  Orinoco,  sending  a  branch  to 
the  Amazon,  is,  with  regard  to  distance,  as  if  the  Ehine  should 
send  one  to  the  Seine  or  Loire.  At  soijie  future  period  this 
junction  will  be  of  great  importance.  These  bifiu-cations  are 
frequent  in  the  deltas  of  rivers,  but  very  rare  in  the  interior  of 
continents. 

§  3.  Hydraulic  system  of  Europe. — The  hydraulic  system 
of  Europe  is  eminently  favourable  to  inland  navigation,  small  as  the 
rivers  are  in  comparison  with  those  of  other  parts  of  the  world  ; 
but  the  flatness  of  the  great  plain,  and  the  lowness  of  its  water- 
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shed  are  very  favourable  to  the  construction  of  canals.  In  the 
west,  however,  the  Alps  and  German  mountains  divide  the  waters 
that  flow  to  the  Atlantic  on  one  side,  and  to  the  Mediten-anean 
and  Black  Sea  on  the  other ;  hut  in  the  eastern  parts  of  Europe 
the  division  of  the  waters  is  merely  a  more  elevated  ridge  of  the 
plain  itself,  for  in  all  plains  such  undulations  exist,  though  often 
imperceptible  to  the  eye.  This  watershed  begins  on  the  northern 
declivity  of  the  Carpathian  Mountains  about  the  23rd  meridian,  in 
a  low  range  of  hills  running  between  the  som-ces  of  the  Dnieper  and 
the  tributaries  of  the  Vistula,  from  whence  it  winds  in  a  tortuous 
course  along  the  plain  to  the  Valdai  table-land,  which  is  its  highest 
point,  1200  ft.  above  the  sea ;  it  then  declines  northward  towards 
Onega,  about  the  60th  parallel,  and  lastly  turns  in  a  very  serpentine 
line  to  the  sources  of  the  Kama  in  the  Ural  Mountains  near  62°  N. 
lat.  The  waters  N.  of  this  line  ruu  into  the  Baltic  and  White 
Seas,  and  on  the  S.  of  it,  into  the  Black  Sea,  and  the  Caspian. 

Thus  Europe  is  divided  into  two  principal  hydraulic  systems  ; 
but  since  the  basin  of  a  river  comprehends  all  the  plains  and  valleys 
drained  by  it  and  its  tributaries  from  its  source  to  the  sea,  each 
country  is  subdivided  into  as  many  natural  divisions  or  basins  as  it 
has  primary  rivers,  and  these  generally  comprise  all  the  rich  and 
habitable  parts  of  the  earth,  and  are  the  principal  centres  of  civili- 
sation, or  are  capable  of  becoming  so. 

The  streams  to  the  N.  of  the  general  watershed  are  very  nume- 
rous ;  those  to  the  S.  are  of  greater  magnitude.  The  s^^stems  of  the 
Volga  and  Danube  are  the  most  extensive  in  Europe  ;  the  former 
has  a  basin  comprising  604,000  sq.  m.,  and  is  navigable  throughout 
the  greater  part  of  its  coiu'se.  It  rises  in  a  small  lake  on  the  slopes 
of  the  Valdai  table-land,  750  ft.  above  the  level  of  the  ocean,  and 
falls  into  the  Caspian,  which  is  86  ft.  below  the  level  of  the 
Black  Sea,  so  that  it  has  a  fall  of  836  ft.  in  a  course  of  2300  m.  It 
carries  to  the  Caspian  one  seventh  of  all  the  river  water  of  Europe. 

The  Danube  drains  308,600  sq.  m.,  and  receives  60  navigable 
tributaries.  Its  quantity  of  water  is  nearly  as  great  as  that  of  all 
the  rivers  that  empty  themselves  into  the  Black  Sea  taken  together. 
Its  direct  com-se  is  1000  m.,  its  meandering  line  is  1760.  It  rises 
in  the  Black  Forest  at  an  elevation  of  2980  ft.  above  the  level  of 
the  sea,  so  that  it  has  considerable  velocity,  which,  as  weU  as  rocks 
and  rapids,  impedes  its  navigation  in  many  places,  but  it  is  navi- 
gable downwards,  through  Austria,  for  600  m.,  to  New  Orsova, 
from  whence  it  flows  in  a  gentle  current  to  the  Black  Sea.  The 
commercial  importance  of  these  two  rivers  is  much  increased  by 
their  flowing  into  inland  seas.  By  canals  between  the  Volga  and 
the  rivers  N.  of  the  watershed,  the  Baltic  and  ^^^hite  Seas  are 
connected  with  the  Black  Sea  and  the  Caspian ;  and  the  Baltic  and 


Chap.  XIX.    HYDRAULIC  SYSTEMS  OF  EUROPE.  253 


Black  Sea  are  also  connected  by  a  canal  between  the  Don  and  the 
Dnieper.  Altogether,  the  water  system  of  Kiissia  is  the  most 
extensive  in  Em-ope. 

The  whole  of  Holland  is  a  collection  of  deltoid  islands,  formed  by 
the  Rhine,  the  Meuse,  and  the  Scheldt — a  structm-e  very  favourable 
to  commerce,  and  which  has  facilitated  an  extensive  internal  navi- 
gation. By  the  completion  of  the  North  Sea  Oanal,  which  took 
place  in  November,  1876,  a  short  and  direct  route  has  been  opened 
iietween.the  coast  and  Amsterdam  ;  so  that  that  city  jnay  now  be 
reached  by  the  largest  steamers  in  as  many  hours  as  they  have 
hitherto  taken  days.  The  Mediterranean  is  already  connected  with 
the  North  Sea  by  the  canal  which  runs  from  the  Rhone  to  the 
Rhine ;  and  this  noble  system,  extended  over  the  whole  of  France 
by  7591  m.  of  inland  navigation,  has  conduced  much  to  the  pros- 
perous state  of  that  gi'eat  coimtry. 

Many  navigable  streams  rise  in  the  Spanish  mountains  ;  of  these 
the  TcKjus  has  depth  enough  for  the  largest  ships  as  high  as  Lisbon. 
Its  actual  course  is  550  m.,  but  its  direct  one  is  much  less.  In  point 
of  magnitude,  however,  the  Spanish  rivers  are  of  inferior  order,  but 
canals  have  rendered  them  beneficial  to  the  country.  Italy  is  less 
favoured  in  her  rivers,  which  only  admit  vessels  of  small  burthen ; 
those  on  the  N.  are  by  much  the  most  important,  especially  the  Po 
and  its  tributaries,  which  by  canals  connect  Venice  and  Milan  with 
various  fertile  provinces  of  Northern  Italy ;  but  whatever  advan- 
tages nature  has  aflbrded  to  the  Italian  States  have  been  improved 
by  able  engineers,  both  in  ancient  and  modern  times. 

.  The  application  of  the  science  of  hydraulics  to  rivers  took  its 
rise  in  Northern  Italy,  where  it  has  been  carried  to  such  perfection 
in  some  points  that  China  is  the  only  country  which  can  vie  with 
it  in  the  practice  of  irrigation.  The  lock  on  canals  was  in  itse  in 
Lombardy  as  early  as  the  thirteenth  centmy,  and  in  the  end  of  the 
fifteenth  it  was  applied  to  two  canals  which  unite  the  Ticino  and  the 
Adda,  by  that  gi'eat  artistjand  philosopher  Leonardo  da  Vinci,  about 
the  same  time  that  he  introduced  the  use  of  the  lock  into  France.^ 

Various  circumstances  combine  to  make  the  British  rivers  more 
useful  than  many  others  of  greater  magnitude.  The  larger  streams 
are  not  encumbered  with  rocks  or  rapids  ;  they  all  run  into  branches 
of  the  Atlantic  ;  the  tides  flow  up  their  channels  to  a  considerable 

1  Leonardo  da  Vinci  was  appointed  Director  of  Hydraulic  Operations  in 
Lombardy  by  the  Duke  of  Milan,  and  during  the  time  he  was  p.ainting  the 
'  Last  Supper '  he  completed  the  Martesana  Canal,  extending  from  the 
Adda  to  Milan,  and  improved  the  course  of  the  latter  river  from  where  it 
emerges  from  the  Lake  of  Como  to  the  Po.  By  means  of  the  Navi-Ho 
Grande,  the  Martesana  Canal  establishrs  a  water  communication  bctw'een 
the  Adda  and  the  Ticino,  the  Lakes  of  Como  and  Mn 
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distauce  ;  and  above  all,  though  short  in  their  cour.5e,  thej'  end  in 
wide  estuaries  and  sounds,  capable  of  containing  whole  navies — a 
circumstance  that  gives  an  importance  to  streams  otherwise  insig- 
nificant when  compared  with  the  great  rivers  of  either  the  old  or 
the  new  continent. 

The  Thames,  whose  basin  is  only  4800  sq.  m.,  and  whose  length 
is  but  215,  of  which,  however,  160  are  navigable,  spreads  its  in- 
fluence over  the  remotest  parts  of  the  earth  ;  its  depth  is  .suflicient 
to  admit  large  vessels  even  up  to  London^  and  throughout  its 
navigable  course  a,  continued  forest  of  masts  displays  the  flags  of 
every  nation  :  on  its  banks,  which  are  in  a  highly  cultivated  state, 
is  the  seat  of  the  highest  civilisation,  moral  and  political.  Local 
circumstances  have  undoubtedly  been  favourable  to  this  superior 
development,  but  the  earnest  and  energetic  temperament  of  the 
Saxon  races  has  rendered  these  natural  advantages  of  position 
much  more  available.  The  same  may  be  said  of  other  rivers  in  the 
British  islands,  where  commercial  enterprise  and  activity  vie  with 
those  on  the  Thames.  There  are  2790  m.  of  navigable  canals  in 
Britain,  and  including  rivers,  6430  m.  of  inland  navigation  which, 
in  comparison  with  the  area  of  the  coimtry,  is  very  great ;  it  is 
even  said  that  no  part  of  England  is  more  than  15  m.  distant  from 
water  communication. 

On  the  whole,  Europe  is  fortunate  with  regard  to  its  water  sys- 
tems, and  its  inhabitants  are  for  the  most  part  alive  to  the  bounties 
which  Providence  in  this  respect  has  bestowed  upon  them. 

§  4.  African  Rivers. — In  Africa  the  tropical  climate  and  the 
ertremes  of  aridity  and  moisture  give  a  totally  different  character 
to  its  rivers.  The  most  southerly  point  is  comparatively  destitute 
of  them,  and  those  that  do  exist  are  of  inferior  size,  except  the 
Gariep,  or  Orange  Eiver,  which  has  a  long  course  on  the  table- 
land, but  is  nowhere  navigable.  In  comparatively  level  tracts  of 
no  great  elevation  in  the  centre  of  the  table-land,  rise  those  innu- 
merable streams  which  fill  the  plateau  of  South  Africa  with  a 
perfect  maze  of  large  rivers,  of  which  the  Zambesi  or  Leamhye  is 
the  main  artery.  That  river  is  now  known  to  be  one  of  the  greatest 
of  the  continent.  It  drains  an  area  of  568,000  sq.  m.  It  takes  its 
rise  in  the  Gilolo  hills,  and  is  joined  by  the  Leeba  at  the  northern 
extremitv  of  the  Barotse  valley,  about  800  m.  from  Loanda.  It 
then  flows  from  N.  to  S.  for  240  ni.,  where  it  is  joined  by  the  noble 
deep  river  Ohobe,  in  18°  17'  S.  lat.  and  23°  50'  E.  long.  The  first 
100  m.  is  through  the  Barotse  valley,  a  grazing  country,  with  the 
towns  raised  on  mounds  on  account  of  the  annual  inundations. 
After  this  the  river  is  extremely  beautiful  and  often  a  mile  broad, 
with  many  islands  covered  with  the  richest  vegetation.  Before  its 
junction  with  the  Ohobe  its  bed  becomes  rocky  as  well  as  its  banks. 
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wliicli  are  undulating,  and  the  trees  send  down  roots  from  their 
branches  like  the  hanyan.  The  united  stream  flows  to  the  E.,  and 
in  17°  57'  S.  lat.  and  26°  6'  E.  long,  forms  one  of  the  most  mag- 
nificent cataracts  known.  The  river,  here  1000  yards  broad,  drops 
into  a  deep  narrow  chasm  in  the  basaltic  rock,  not  more  than  25 
yards  wide,  and  800  ft.  deep,  finding  an  outlet  near  one  extremity 
of  the  cleft,  and  pursuing  its  rapid  course  through  a  succession  of 
similar  ravines  lower  down.  The  effect  of  its  sudden  contraction 
and  fall  is  in  the  highest  degree  sublime,  and  from  the  point  from 
which  Pr.  Livingstone  saw  it,  appalling,  for  he  got  a  native  of 
sufficient  nerve  to  paddle  a  canoe  to  an  islet  immediately  above  the 
fall :  the  columns  of  vapour  rushing  up  for  300  or  400  ft.  form 
dense  clouds,  whence  the  name  of  '  Mosioatuuya,'  or  the  '  smoke- 
resounding  falls.'  When  Dr.  Livingstone  saw  this  fall  the  waters 
were  low,  but  during  the  inundations,  when  the  river  flows  between 
banks  many  miles  wide  and  still  forces  itself  through  the  same 
narrow  space,  it  must  be  terrifically  magnificent  beyond  descrip- 
tion ;  at  these  times  the  columns  of  spray  may  be  seen,  and  the 
roar  heard,  10  or  12  m.  off". 

After  entering  this  chasm  the  river  changes  its  course,  foams 
and  rages  through  a  narrow  .channel  amongst  tree  covered  hUls, 
and  then  emerging  from  its  confines  spreads  out  again  and  flows 
to  the  N.N.E.,  in  a  broad  placid  stream,  to  its  junction  with  the 
Kafue,  a  large  fine  river  coming'  from  the  W.  ;  from  that  the 
combined  stream  runs  in  a  bending  line  eastward  to  its  confluence 
with  the  Mutu,  or  Quilimane,  at  the  head  of  its  delta,  where  it  is 
three  quarters  of  a  mile  broad.  There  is  a  great  hodj  of  water  in 
it  during  the  rains,  and  in  the  dry  season  it  is  shallow,  except  in 
its  winding  mid-channel.  Its  delta  is  300  m.  long,  and  as  large  as 
Scotland.  It  would  be  vain  to  mention  all  the  rivers  that  flow 
into  the  Zambesi  they  are  so  numerous  and  complicated  ;  but  the 
Shire  is  too  important  to  be  omitted.  It  rises  in  Lake  Nyassa,  and 
in  the  middle  of  its  course  of  200  m.,  from  so  high  an  altitude  to 
the  Zambesi,  forms  a  series  of  cataracts  40  m.  lona:. 

The  river  next  in  importance  on  the  East  African  coast  is  the 
Limpopo,  or  Kroliodil  River,  a  large  stream,  which  rises  in,  and 
forms  the  N.W.  and  N.  frontiers  of,  the  Trans  Vaal  Eepublic. 
Turning  S.  by  E.  it  enters  the  Indian  Ocean  under  the  local  name 
of  the  Inhampura,  a  little  to  the  N.  of  Delagoa  Bay.  Its  principal 
ti-ibutary  is  the  Olifant  or  Lipaluli  which  it  receives  from  the  W. 
in  24°  10'  S.  lat.  The  shallowness  of  the  water  in  the  lower  part, 
and  the  formidable  sandbanks  across  the  mouth  of  tlie  river  will, 
unfortunately,  prevent  tliis  fine  river,  which  has  a  course  of  nearly 
000  ra.,  through  a  varied  and  productive  region,  from  ever  becomino- 
useful  as  a  channel  of  communication. 
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The  nvers  which  flow  to  the  Atlantic,  and  fertiUse  the  luxui-iant 
maritime  plains  of  Benguela,  Congo,  Angola,  and  Loango,  have 
their  soui-ces  on  the  tahle-land.  The  Congo  is  considered,  since 
the  explorations  of  Lieutenant  Cameron  (1873-75),  to  be  one  and 
the  same  river  with,  and  therefore  to  have  for  its  head  waters,  the 
Ohambeze  and  its  tributaries.  Livingstone  traced  the  Ohambeze 
into  Lake  Bangweolo,  thence  mto  Moero  as  the  Luapula,  and  out 
of  that  lake  as  the  Lualaba,  subsequently  taking  the  name  of  the 
Ugarrowwa,  to  the  N.  Although  Lieutenant  Cameron  states  that 
the  river  leaving  Moero  is  not  the  Lualaba,  but  probably  the 
Luvwa,  and  that  the  Lualaba  is  a  W.  branch  which  joins  the 
Luvwa  near  the  6th  parallel  N.  lat.,  there  seems  to  be  little  reason 
to  doubt  that  these  waters  are  connected  with  the  Congo,  and  form 
part  of  one  of  the  most  gigantic  river  systems  in  the  world.  In  its 
lower  course  the  Congo  is  5  or  6  m.  broad,  studded  with  islands, 
and  very  deep  at  its  mouth.  It  is  navigable  for  160  m.  above  the 
sea  up  to  Ilalla,  where  the  ascending  tide  is  stopped  by  cataraets.i 

Farther  to  the  N.  the  Ogowe,  a  noble  river,  probably  not  inferior 
to  the  Zambesi,  is  formed  by  the  junction  of  two  great  streams,  the 
Okanda,  probably  the  main  stream,  coming  from  the  unknown 
region  to  the  N.E.,  and  the  Ngimyai,  discovered  by  the  adventurous 
explorer  Du  Ohaillu,  coming  from  the  S.E.  The  Ogowe  and  Okanda 
are  navigable  in  the  rainy  season  as  far  as  they  have  been  explored, 
and  their  waters  at  the  mouth  form  a  common  delta  with  the 
Fernand  Vaz.  The  Nazareth  and  Mexias,  hitherto  believed  to  be 
separate  rivers,  are  merely  two  of  the  mouths  of  this  system  of 
rivers.  Dr.  Barth  suspected  the  Ogowe  to  be  the  lower  part  of  that 
river  which  was  described  to  him  as  running  westward  many  days' 
journey  S.  from  Wadai,  and  he  believed  there  was  a  vast  field  for 
future  discovery  along  the  great  Okanda  branch  of  the  Ogowg. 

The  mountainous  edge  of  the  table-land,  with  its  terminal  pro- 
jections, Seuegambia  and  Abyssinia,  are  the  principal  som-ces  of 
the  great  streams  of  Central  Africa.  Various  rivers  have  their 
origin  in  these  elevated  regions,  of  which  the  Nile  and  the  Niger 
yield  in  size  only  to  some  of  the  great  Asiatic  and  American  rivers. 
In  importance  and  historical  interest  the  Nile  is  inferior  to  none. 

Two  large  rivers  unite  their  streams  to  form  the  Nile — the 
Bahr  el  Abiad,  or  White  Nile,  and  the  Bahr  el  Asrak,  or  Blue 
Nile  ;  but  the  latter  is  so  far  inferior  to  the  Balii-  el  Abiad  that  it 
is  now  regarded  as  a  tributary.  Another  great  tributary,  of  which 
little  was  known  until  it  was  visited  by  Petherick,  is  the  Bahr  el 
Gazal,  which,  coming  from  a  large  level  region  to  the  W.  and  S., 
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joins  the  White  NUe  in  about  9°  30'  N.  lat.    The  main  stream  was 
lm^^gated  as  far  as  4°  9'  N.  lat.,  the  point  reached  by  the  mis- 
sionary Knoblecher,  who  could  see  the  river  for  30  m.  farther 
coming  from  the  S.W.    In  1876  Signer  Carlo  Piazzia  and  Signer 
Gessi  ascended  the  river  with  two  barges  laden  with  arms°and 
munitions  of  war,  from  Dufle  to  Magungo,  near  the  N.E.  extremity 
of  the  Albert  Nyanza,  a  part  of  the  Nile  previously  unknown. 
Piazzia  then  followed  the  Somerset  Eiver  to  the  Mm-chison  Falls 
a  distance  of  36  m.,  in  his  canoe.    Thence  to  Foveira,  about  63  m.' 
the  river  forms  an  almost  continuous  series  of  cataracts. ^  The 
true  sources  of  the  Nile  are  still  unknown. 

The  Abyssinian  tributary  of  the  Nile,  k-nown  as  the  Bahr-el- 
Asrak,  or  Blue  Nile,  rises  in  Lake  Tsaua  in  Abyssinia  ;  it  bounds 
the  k-ingdom  of  Abyssinia  on  the  S.  W.,  and  then  mainta  ins  a  general 
N.W.  direction  till  it  joins  the  White  Nile  at  Khartum?  The 
Atbara,  formed  by  the  junction  of  the  Goang  and  Takassie  is 
one  of  the  principal  tributaries  of  the  Nile.  The  Takassie  rises 
near  the  Wandatsch  Pass,  a  little  to  the  E.  of  Lalibala,  one  of 
the  most  celebrated  places  in  Abyssinia,  remarkable  for  its  churches 
hewn  out  of  the  solid  rock ;  and  the  Tselari,  which  springs  from 
Mount  Biala,  the  N.  extremity  of  the  high  land  of  Lasta  which 
divides  the  head  waters  of  the  two  branches.  The  united  stream 
after  winding  like  the  other  rivers  of  this  country,  joins  the  Nile 
in  17°  30^  N.  lat.,  the  N. 'limit  of  the  tropical  rains. 

The  Abyssinian  rivers  in  the  upper  part  of  their  course  are  little 
more  than  muddy  brooks  in  the  dry  season,  but  during  the  rains 
they  inundate  the  plains.    They  have  scooped  deep  ravines  in  the 
rocky  surface  of  the  table-lands ;  in  emerging  on  the  plains  they 
are  at  first  only  a  few  yards  wide,  but  gradually  increase  to  several 
miles ;  the  streams  form  cataracts  from  80  to  more  than  100  ft 
high,  and  then  continue  to  descend  by  a  succession  of  falls  and 
rapids,  which  decrease  in  height  as  they  run  northwards  to  ioin  the 
mam  stream.    The  Takassie  takes  its  name  of  '  The  Terrible '  from 
the  impetuosity  with  which  it  rushes  through  the  chasms  and  over 
the  precipices  of  the  mountains.    The  sediment  brouo-ht  down  bv 
this  nver,  produced  by  attrition  of  the  basaltic  and  "other  rocks 
forms  the  fertilising  mud  of  Egypt.    It  is  swept  down  durino-  the 
rainy  season.    In  the  dry  season  the  Atbara  is  merely  a  string  of 
stagnant  pools;  it  is  to  the  White  Nile  solely  that  is  due  the 
perenmal  flow  of  water  which  prevents  Egypt  from  becomin<.  a 
barren  waste  of  sand  ;  and  the  in-Igating  stream  is  derived  from  the 
lake  reservoirs  under  the  eq^uator. 

From  the  Atbara  down  to  the  Mediterranean,  a  distance  of 

'  See  '  Geographical  Magazine  '  for  December  1,  1876,  p.  340 
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1200  m.,  the  Nile  does  not  receive  a  single  brook.  The  first  part  of 
that  course  is  interrupted  hy  cataracts,  from  the  geological  structure 
of  the  Nubian  Desert,  which  consists  of  a  succession  of  broad  sterile 
terraces  separated  by  ranges  of  rocks  running  E.  and  W.  Over 
these  the  Nile  falls  in  9  or  10  cataracts,  the  last  of  which  is  at 
Syene  in  Upper  Egypt.  Most  of  them  are  only  rapids  where  each 
successive  fall  of  water  is  not  a  foot  high.  That  they  were  higher 
at  a  former  period  has  been  shown  to  be  probable  by  Dr.  Lepsius, 
a  traveller  sent  by  the  King  of  Prussia  at  the  head  of  a  mission  to 
explore  that  country.  He  found  a  series  of  iascriptions  on  the  rocks 
at  Sennaar  marking  the  height  of  the  Nile  at  different  periods ; 
from  which  it  appears  that  in  that  country  the  bed  of  the  river  had 
been  30  ft.  higher  than  it  is  now. 

Fifteen  miles  below  Cairo,  and  90  m.  from  the  sea,  the  Nile 
separates  into  two  branches,  one  of  which,  running  in  a  northerly 
direction,  enters  the  Mediterranean  below  Rosetta ;  the  other  enters 
the  sea  above  Damietta ;  the  delta  between  these  two  places  has  a 
sea  coast  of  187  m.  The  fall  from  the  great  cataract  to  the  sea  is 
about  2  inches  in  a  mUe. 

The  extent  of  the  basin  of  the  Nile  is  estimated  at  900,000  sq.  m. 
Excluding  the  southern  lakes,  it  has  an  unusual  form ;  it  is  wide  in 
Ethiopia  and  Nubia,  but  for  the  greater  part  of  a  winding  course  of 
about  3600  m.  it  is  merely  a  verdant  line  of  beauty,  suddenly 
and  strongly  contrasted  with  the  dreary  waste  of  the  Red  Desert  in 
the  midst  of  which  it  lies.  Extending  from  the  torrid,  far  into 
the  temperate,  zone  its  aspect  is  less  varied  than  might  have  been 
expected,  on  account  of  the  parched  and  showerless  couutiy  it 
passes  through.  Nevertheless,  from  the  great  elevation  of  the 
sources  of  the  river,  the  upper  portion  has  a  pei-petual  spring, 
though  within  a  few  degrees  of  the  equator.  At  the  foot  of  the 
table-land  of  Abyssinia  the  country  is  covered  with  dense  tropical 
jungles,  while  the  rest  of  the  valley,  covered  by  the  detritus  of  the 
mountains  for  thousands  of  years,  is  fertile  and  luxm-iajit. 

As  the  mean  velocity  6t  the  Nile,  when  not  flooded,  is  about 
2^  m.  per  hour,  a  particle  of  water  would  take  22^  days  to  descend 
from  the  junction  of  the  Takassie  to  the  sea  ;  hence  the  retardation 
of  the  annual  inimdations  of  the  Nile  in  its  course  is  a  peculiarity 
of  this  river,  owing  to  some  unknown  cause  towards  its  origin 
which  afifects  the  whole  stream.  In  Abyssinia  and  Sennaar  the 
river  begins  to  rise  in  April,i  yet  the  flood  is  not  perceptible  at 

1  The  April  rains  in  Abyssinia  are  slight,  and  coincide  with  the  passage 
of  the  sun  in  the  prime  vertical,  and  a  partial  rise  of  the  Nile  corresponding 
to  them  has  been  observed  at  Cairo  ;  but  the  principal  rains,  the  probable 
cause  of  the  great  rise  in  the  waters  of  the  Nile,  take  place  at  a  later  period 
in  Enarea,  and  probablv  throughout  all  Ethiopia  between  7°  and  9-  .N. 
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Cairo  till  towards  tlie  summer  solstice  ;  it  then  continues  to  rise 
during  nearly  100  days,  and  remains  at  its  greatest  heiglit  till  the 
middle  of  October,  when  it  begins  to  subside,  and  reaches  its  lowest 
point  in  April  and  May.  The  height  of  the  flood  in  Upper  Egypt 
varies  from  30  to  35  ft. ;  at  Oaii'o  it  is  23  ft.,  and  in  the  northern 
part  of  the  delta  only  4  ft. 

Anubis  or  Sirius,  the  Dog-star,  was  held  in  veneration  by  the 
Egyptians,  from  its  supposed  influence  on  the  rising  of  the  Nile. 
According  to  OhampoUion,  the  calendar  of  that  extraordinary  people 
commenced  when  the  heliacal  rising  of  that  star  coincided  with  the 
simimer  solstice — the  time  at  which  the  Nile  began  to  rise  at  Cairo. 
Now  this  coincidence,  according  to  the  most  accurate  calculation, 
took  place  about  3291  years  B.C.  ;  and  as  the  rising  of  the  river 
occm-s  at  precisely  the  same  time  and  in  the  same  manner,  it  follows 
that  the  heat  and  periodical  rains  in  Upper  Ethiopia  have  not 
varied  for  6000  years.  In  the  time  of  Hipparchus  the  summer 
solstice  was  in  the  sign  of  Leo,  and  probably  about  that  period 
the  flowing  of  the  fountains  from  the  mouths  of  lions  of  basalt  and 
granite  was  adopted  as  emblematical  of  the  poming  foi'th  of  the 
floods  of  the  Nile.  The  emblem  is  still  common  among  the  Egyp- 
tian monuments  transported  to  Eome.  Since  then  the  signs  of  the 
Zodiac  have  retrograded  more  than  30  degrees. 

The  great  African  rivers  the  Nile  and  the  Niger  are  dissimilar 
in  almost  every  circumstance.  The  Nile,  discharging  its  waters  for 
ages  into  a  sea  the  centre  of  commerce  and  civilisation,  has  been 
renowned  by  the  earliest  historians,  sacred  and  profane,  for  the 
exuberant  fertility  of  its  banks,  and  for  the  learning  and  wisdom 
of  the  people  who  inhabited  them,  and  on  which  they  have  left 
magnificent  and  imperishable  monuments  of  their  genius  and  power. 
Egypt  was  for  ages  the  seat  of  science,  and  by  the  Red  Sea  it  had 
intercourse  with  the  most  highly  cultivated  nations  of  the  East 
from  time  immemorial.  The  Niger,  on  the  contrary,  though  its 
rival  in  magnitude,  and  running  thi-ough  a  country  glowing  with 
all  the  brilliancy  of  tropical  vegetation,  has  ever  been  inhabited  by 
barbarous  or  semi-barbarous  tribes ;  and  its  com-se  till  lately  was 
little  known.  In  early  ages,  before  the  Pillars  of  Hercules  had 
been  passed,  and  indeed  long  afterwards,  the  Atlantic  coast  of 
Africa  was  an  unknown  region,  and  thus  the  flowing  of  the  Niger 
into  that  lonely  ocean  kept  the  natives  in  their  original  rude  state. 
Such  are  the  effects  of  local  circiunstances  on  the  intellectual 
advancement  of  mankind. 


It  rains  there  everj'  day  in  September ;  and  as  the  maximum  rise  of  the 
Nile  at  Cairo  is  in  October,  these  two  phenomena  are  evidently  connected.— 
D'Ahbadie, 
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The  sources  of  tbe  Niger,  Joliha,  or  Quorra,  are  supposed  to  be 
on  tlie  N.  side  of  the  Kong  Mountains,  in  the  country  of  Ganova^ 
more  than  2000  ft.  above  the  level  of  the  sea.    From  thence  it  runs 
N.E.,  and  after  passing  through  Lake  Debo,  makes  a  wide  circuit 
in  the  plains  of  Soudan  through  8  or  9  degrees  of  latitude  ;  then 
bending  round,  it  again  approaches  the  Kong  Mountains,  at  the 
distance  of  1000  m.  in  a  straight  line  from  its  source,  and  having 
threaded  them  flows  across  the  low  lauds  into  the  Gulf  of  Guinea. 
In  the  plains  of  Soudan  it  receives  many  very  large  affluents 
from  the  high  land  of  Senegambia  on  the  W. ;  and  the  Tchadda, 
on  the  E.,  a  navigable  river  larger  than  itself,  falls  into  it  a  little 
below  Fimdah,  after  a  course  of  some  hundred  miles :  thus  the 
Niger  probably  affords  an  uninterrupted  water  commimication 
from  the  Atlantic  to  the  heart  of  Africa.^    Long  before  emerging 
from  the  plains  of  Soudan  it  becomes  a  noble  river  with  a  placid 
stream,  running  at  the  rate  of  from  5  to  8  m.  an  hour,  varying 
in  breadth  from  1  to  8  m.    Its  banks  are  studded  with  populous 
towns  and  villages,  surrounded  by  groves  of  palm  trees  and  culti- 
vated fields. 

This  great  river  divides  into  3  branches  near  the  head  of  a 
delta  which  is  equal  in  area  to  Ireland,  intersected  by  navigable 
branches  of  the  principal  stream  in  every  direction.  The  soil  con- 
sists of  a  rich  mould,  and  the  vegetation  is  so  rank,  that  the  trees 
seem  to  grow  out  of  the  water.  The  Nun,  which  is  the  principal 
or  centi-al  branch,  flows  into  the  sea  near  Cape  Formosa,  and  is  that 
by  which  the  brothers  Lander  descended.  There  are,  however,  6 
rivers  which  run  into  the  Bight  of  Benin  all  communicating  with 
the  Niger  and  with  one  another.  The  Old  Calabar  is  the  most 
eastern  •  it  flows  through  the  Afra  country  coming  from  unkTiowu 
sources,'  and  is  united  to  the  Niger  by  a  natmral  canal.  The  Niger 
throuo-hout  its  long  winding  course  lies  eutu-ely  withm  the  tropic 
of  Cancer,  and  is  consequently  subject  to  periodical  inundations 
which  reach  their  greatest  height  in  Aug-ust,  about  40  or  60  days 
after  the  summer  solstice.  The  plains  of  Soudan  are  then  covered 
with  water  and  crowded  by  boats.  These  fertile  regions  are  in- 
accessible to  Europeans  from  the  pernicious  climate,  and  from  the 
savage  nature  of  many  of  the  tribes. 

The  coast  of  Guinea,  W.  of  the  Niger,  is  watered  by  many 
streams  which  descend  from  the  Kong  Mountains  chief  of  which 
are  the  Volta,  which  has  been  recently  explored  (18/5-/6)  as  far 
as  the  famous  city  of  Salagu  or  Saraha,  by  M.  Boimat,^  the  P;-^/;. 
and  the  As^ne.  From  the  table-land  of  Senegambia  rise  the  E^o 
(?rfl«<Ze,the  Gambia,  the  Senegal,  and  other  rivers  of  great  size, 

I  Se?' Geo^;phlcai  Sazine  '  for  November  1,  1876.  p.  290. 
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and  also  many  of  an  inferior  order  that  fertilise  the  maritime 
plains  on  the  Atlantic.  Their  navigable  coiu-se  is  cut  short  hy  a 
chain  of  mountains  which  forms  the  escarpment  of  the  high  land, 
through  which  they  force  their  way  in  rapids  and  cataracts.  The 
Gambia  rises  near  the  source  of  the  Rio  Grande,  and  after  a 
course  of  about  450  m.  enters  the  Atlantic  by  many  branches  con- 
nected by  natm-al  channels,  supposed  at  one  time  to  be  separate 
rivers.  The  Senegal,  the  largest  river  in  this  part  of  Africa,  is 
about  850  m.  long.  It  receives  many  tributaries  in  the  upper 
part  of  its  course;  the  lower  part  is  full  of  islands.  It  drains 
two  lakes,  and  is  connected  with  the  waters  of  the  basin  of  the 
Gambia  by  the  Eiver  Neriko. 


CHAPTER  XX. 

ASTATIC  RIVERS. 

§  1.  Rivers  of  Western  Asia. — The  only  river  system  of 
Western  Asia  is  that  of  the  Eujjhrates  and  Tigris,  the  basin  of 
which  covers  an  area  of  250,000  sq.  m.,  and  includes  the  sites  of 
Nineveh  and  Babylon  the  most  famous  cities  of  antiquity.  Innu- 
merable remains  and  inscriptions,  the  records  of  very  remote  times, 
have  been  discovered  of  late  years,  and  bear  testimony  to  the  truth 
of  some  of  the  most  interesting  pages  of  sacred  history.  The 
Euphrates  has  its  two  chief  ultimate  sources  in  the  Aa-menian 
Mountains,  one  at  Domli,  25  m.  N.E.  of  Erzeroum,  the  other  in  the 
Ala  Dagh,  near  Mount  Ararat.  The  two  streams,  called  the  Eastern 
and  Western  Euphrates,  flow  W.  for  270  and  400  m.  respectively, 
and  meet  at  Kebbau-Maden,  near  long.  39°  E.  The  river  thus 
formed  is  120  yards  broad,  swift  and  deep,  and,  flowing  S.,  forces 
its  way  through  the  Taurus  and  Anti-Taurus  ranges  into  the  plains 
of  Mesopotamia.  It  then  runs  S.W.,  S.,  and  S.E.,  to  its  jimction 
with  the  Tigris,  having  traversed  a  com-se  of  more  than  1850  m. 

The  Tigris  rises  in  a  small  lake  near  the  S.W.  shore  of  Gold- 
schyk  G61,  and  a  little  to  the  N.W.  of  Telek  on  the  left  bank  of 
the  Euphrates.  In  the  mountains  to  the  N.  and  W.  of  Diarbekr, 
and  after  receiving  several  tributaries  from  the  high  lands  of 
Kurdistan,  it  pierces  the  Taurus  range  about  100  m.  above  Mosul, 
from  whence  it  descends  in  a  tortuous  course  through  the  plain  of 
ancient  Assyria,  receiving  many  streams  from  the  Tyari  Moimtains, 
and,  farther  S.,  from  those  at  Luristan.  The  coimtry  through 
which  it  flows  is  rich  in  corn  fields,  date  groves,  and  forest  trees. 
Near  the  city  of  Bagdad  the  Tigris  and  Euphrates  approach  to 
within  12  m.  of  each  other,  where  they  were  once  connected  by 
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two  great  canals.  Prom  this  point  they  run  nearly  parallel  for 
more  tlian  100  m.,  enclosing  tlie  plain  of  Babylon  or  Southern 
Mesopotamia — the  modern  Irak-Arahi.  The  two  rivers  unite  at 
Kurnah  and  form  one  stream,  the  S/iat-ul-A7rib,  yvhich.  runs  150  m. 
before  it  falls  into  the  Persian  Gidf.  The  banks  of  the  Tigris  and 
Euphrates,  once  the  seat  of  an  extensive  population,  of  art,  civilisa- 
tion, and  industiy,  are  now  nearly  deserted,  covered  with  brush- 
wood and  grass,  dependent  on  the  rains  alone  for  that  luxuriant 
vegetation  which,  under  an  admirable  system  of  ii-rigation,  for- 
merly covered  them.  The  floods  of  the  rivers  are  very  regular  in 
their  rise  and  fall ;  beginning  in  March,  they  attain  their  greatest 
height  in  June.  Excepting  the  two  large  centres  of  population, 
Basi-dad  and  Mosul,  the  inhabitants  consist  of  nomade  Kiurdish 
tribes.  What  remains  of  civilisation  has  taken  refuge  in  the  moim- 
tains  of  the  ancient  Chaldeans  where  the  few  traces  of  primitive 
and  most  ancient  Christianity,  under  the  misapplied  denomination 
of  Nestorian  Christians,  are  to  be  foimd  in  the  Tyari  range. 

The  Persian  Gulf  may  be  navigated  by  steam  all  the  year ;  the 
Euphrates  only  8  months  ;  this  river  might,  however,  afford  easy 
intercourse  with  Eastern  Asia,  as  it  did  in  former  times.  The 
distance  from  Aleppo  to  Bombay  by  the  Euphrates  is  2870  m.,  of 
which  2700,  from  Bir  to  Bombay,  are  by  water ;  in  the  time  of  our 
Queen  Elizabeth  this  was  the  common  route  to  India,  and  a  fleet 
was  then  kept  at  Bir  expressly  for  that  navigation. 

§  2.  Rivers  of  Southern  Asia. —  Seven  rivers  of  the  first  mag- 
nitude descend  from  the  S.  side  of  the  table-laud  of  Eastern  Asia 
and  its  mountain  barriers,  viz.  the  Inchis,  Brahmaputra,  Ganc/es, 
Irawadi,  Salwen,  Me  Nam,  and  the  Me  Khong  or  Kambodia,  which, 
differing  in  origin,  direction,  and  character,  water  the  plains  of 
Southern  Asia  and  convey  to  the  ocean  a  greater  volume  of  water 
than  all  the  rivers  of  the  rest  of  the  continent  conjointly. 

The  Indus  ^  has  its  ultimate  sources  a  little  to  the  N.  of  the 
Kailas  Peaks,  and  within  a  few  miles  of  the  sources  of  the  Sutlej 
and  tlie  Brahmaputra.  The  direction  of  both  the  Indus  and  the 
Brahmaputra  lies  parallel  to  the  axis  of  the  Himalaya  till  they  reach 
its  known  extremities,  where  they  descend  rapidly  and  turn  abruptly 
in  their  way  to  the  plains  of  India.  The  main  stream  of  the  Indus 
is  750  m.  long  from  its  head,  which  is  called  the  Lion's  Mouth,  about 
the  81st  meridian  E.,  to  Acho,  in  Lower  Balti.  It  receives,  in  70° 
45'  E.lono-.,the  Gartimg-chu  River,  atwhich  point  its  waters  flow  at 
an  elevatfon  of  13,000  ft.  above  the  level  of  the  sea.  The  gold  dis- 
trict of  Western  Tibet  lies  a  little  to  the  E.  of  the  mountain  ranges 
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which  enclose  the  river  valley.  Running  N.W.,  the  Indus  is  joiued 
neai-  the  76th  meridian  by  the  Shyok  which  flows  from  the  S. 
slope  of  the  Karakoram  range.  At  Acho,  in  Lower  Balti^  after  a 
course  of  200  m.,  the  Tibetan  Indus  descends  W.  of  the  valley  of 
Kashmir  to  the  plain  of  the  Panjab.  According  to  Captain 
Strachey,  the  Tibetan  Indus  drains  47,000  sq.  m.  The  greatest  of 
its  tributaries,  the  Sutlej,  issues  from  the  Lake  Rakas  in  the  Gangri 
valley,  breaks  through  the  Himalayas  about  the  75th  meridian,  and 
traverses  the  whole  breadth  of  the  chain  in  frightful  chasms  to  the 
plains  of  the  Panjab.  Tliree  tributaries — the  Jhilam  or  Hydaspes, 
the  Ohenab  or  Acesines,  and  the  Ravi  or  ITydraotes,  all  superior  to 
the  Rhone  in  size — ^flow  from  the  S.  face  of  the  Himalayas,  and  with 
the  Sutlej  (anct.  Hyphasis)  join  the  Indus  before  it  reaches  Mittun  ; 
hence  the  name  Panjab,  '  the  plain  of  the  five  rivers,'  now  one  of 
the  most  valuable  countries  of  our  Eastern  empire.  From  Mittun 
to  the  ocean  the  Indus  does  not  receive  a  single  tributary.  The 
Kabul  River,  which  rises  near  Ghazni,  and  is  joined  by  a  larger 
affluent  from  the  southern  declivities  of  the  Hindu  Kush,  flows 
throuD-h  pictm-esque  but  dangerous  defiles,  and  joins  the  Indus  at 
the  town  of  Attock,  and  is  the  only  tributary  of  any  magnitude 
that  enters  it  fi'om  the  W, 

The  Indus  is  not  weU  adapted  for  navigation ;  for  70  m.  after 
it  leaves  the  mountains  the  descent  in  a  boat  is  dangerous,  and  it 
is  only  navigable  for  steam  vessels  of  small  draught ;  yet,  from 
the  fertility  of  the  Panjab,  and  the  near  approach  of  its  basin  to 
that  of  the  Ganges  at  the  foot  of  the  mountains,  it  has  already 
become  a  valuable  acquisition,  because  it  commands  the  principal 
roads  between  Persia  and  India,  one  through  Kabul  and  Peshawar, 
and  the  other  from  Herat  through  Kandahar.  The  delta  of  the 
Indus,  formerly  celebrated  for  its  civilisation,  has  long  been  a 
desert ;  but  from  the  luxuriance  of  the  soil,  and  the  change  of 
political  circumstances,  it  may  again  resume  its  pristine  aspect. 
It  is  60  m.  long,  and  presents  a  line  of  120  m.  along  the  Arabian 
sea,  where  the  river  empties  itself  by  many  mouths,  of  which  only 
3  or  4  are  navigable  ;  one  only  can  be  entered  by  vessels  of  50  tons, 
and  all  are  liable  to  change.  The  tide  ascends  them  with  extra- 
ordinary rapidity  for  75  m. ;  and  so  great  is  the  quantity  of  mud 
can-ied  by  it,  and  the  absorbing  violence  of  the  eddies,  that  a 
vessel  wrecked  on  the  coast  was  buried  in  sand  and  mud  in  two 
tides.  The  annual  floods  begin  with  the  melting  of  the  snow  in 
the  Himalayas  towards  the  end  of  April,  attain  their  greatest 
height  in  July,  and  end  in  September.  The  length  of  the  Indus  is 
1800  m.,  and  it  drains  an  area  of  about  372,700  sq.  m. 

The  double  system  of  the  Ganges  and  Brahmaputra,  though 
draining  opposite  sides  of  the  main  chain  of  the  Himalayas,  enters 
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the  sea  by  a  common  delta,  and  forms  one  of  the  most  important 
river  systems  on  the  globe. 

The  Ganges  flows  at  once  in  a  very  rapid  stream  not  less  than 
40  yards  across,  from  a  huge  cave  in  a  perpendicular  waU  of  ice  at 
a  distance  of  about  three  marches  from  the  Temple  of  Gimgutree, 
to  which  the  Hindu  pilgrims  resort  in  great  numbers.  Mr.  Elliot  ^ 
says :  '  The  view  from  the  glacier  was  perfectly  amazing ;  beautiful 
or  magnificent  is  no  word  for  it— it  was  really  quite  astonishing.  If 
you  could  fancy  a  bird's-eye  view  of  all  the  moimtains  in  the  world 
in  one  cluster,  and  every  one  of  them  covered  with  snow,  it  would 
hardly  give  you  an  idea  of  the  sight  which  presented  itself.' 

Many  streams  from  the  S.  face  of  the  Himalayas  unite  at 
Hardwar  to  form  the  gi-eat  body  of  the  river.  The  Ganges  flows 
from  thence  in  a  S.E.  direction  through  the  plains  of  Bengal  receiv- 
ing in  its  course  19  or  20  tributaries,  of  which  12  are  larger  than 
the  Ehine.  About  220  m.  in  a  direct  line  from  the  Bay  of  Bengal, 
into  which  it  flows,  the  innumerable  channels  and  branches  into 
which  it  splits  form  an  intricate  maze  over  a  delta  twice  as  large  as 
that  of  the  Nile.  The  Ganges  is  1514  m.  long,  and  drains  an  area 
of  391,000  sq.  m. 

The  Brahmaputra  ( = '  Son  of  Brahma  '),  a  river  superior  in 
the  volume  of  its  waters  to  the  Ganges,  may  be  considered  as  the 
continuation  of  the  Tsampu  or  river  of  Lhassa,  which  has  its  re- 
motest sources  near  the  82°  meridian  E.  in  the  glaciers  of  those 
mountains  which  skirt  the  S.  shores  of  the  Gunltyudcho  Lake,  at 
an  elevation  of  upwards  of  15,000  ft.,  and  not  far  from  the  sources 
of  the  Indus  and  Sutlej.    After  watering  the  great  longitudinal 
valley  in  the  highlands  of  Tibet,  descending  from  15,000  to  11,400  ft. 
S.  of  Lhassa,  it  is  said  to  bend  to  the  S.E.  between  the  92nd  and 
93rd  meridians,  and  is  thought  to  cut  through  the  Himalayas, 
between  Iskardo  and  Attock ;  after  which  it  receives  several 
tributaries  from  the  N.W.  and  N.E.   Although  much  of  its  eastern 
course  has  not  yet  been  explored,  there  is  very  little  doubt  that 
the  river  which  cuts  through  the  Himalayas  and  traverses  Upper 
Assam  is  the  Brahmaputra.    In  Upper  Assam,  the  river  forms 
several  extensive  channel  islands,  and  receives  some  considerable 
affluents,  of  which  the  origin  is  unknown,  though  some  are  sup- 
posed to  come  fi'om  the  table-land  of  Eastern  Tibet.    Before  it 
enters  the  plains  of  Bengal,  below  Goyalpara,  the  Brahmaputra 
runs  with  rapidity  and  in  great  volume,  and,  after  receiving  the 
rivers  of  Bhutan  and  other  streams,  branches  of  it  unite  with  those 
of  the  Ganges  about  40  m.  fi'om  the  coast,  but  the  two  rivers  enter 
the  sea  by  difierent  mouths,  though  they  sometimes  approach 
within  2  m.  of  one  another.    The  length  of  the  Brahmaputra  is 
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1800  m.,  or  nearly  tlie  same  as  that  of  tlie  Ganges ;  the  volume 
of  water  discharged  by  it  during  the  dry  season  is  about  146^188 
cubic  ft.  per  second ;  the  quantity  discharged  by  the  Ganges  in 
the  same  time  and  under  the  same  circumstances  is  only  80,000 
cubic  ft.    In  the  perennial  floods  the  quantity  of  water  poured 
through  the  tributaries  of  the  Brahmaputra  from  their  snowy 
soiu'ces  is  incredible ;  the  plains  of  Upper  Assam  are  an  entire 
sheet  of  water  from  June  15  to  September  15,  and  there  is  no 
communication  but  by  elevated  causeways  8  or  10  ft.  high ;  the 
two  rivers,  with  their  branches,  lay  the  plain  of  Bengal  under 
water  for  hundreds  of  miles  annually.    They  begin  first  to  swell 
from  the  melting  of  the  snow  on  the  mountains,  but  before  their 
inferior  streams  overflow  from  that  cause,  all  the  lower  parts  of 
Bengal  adjacent  to  the  Ganges  and  Brahmaputra  are  under  water 
from  the  swelling  of  these  rivers  by  the  rains.    The  increase  is 
arrested  before  the  middle  of  August  by  the  cessation  of  the  rains 
in  the  mountains,  though  they  continue  to  fall  longer  on  the  plains. 
The  delta  is  traversed  in  every  direction  by  arms  of  the  rivers. 
The  Hugli  branch,  at  all  times  navigable,  passes  Calcutta  and 
Ohandernagore ;  and  the  Hauringotta  arm  is  also  navigable,  as 
well  as  the  Ganges  properly  so  called.    The  channels,  however, 
are  perpetually  changing,  from  the  strength  of  the  current  and  the 
prodigious  quantity  of  matter  brought  down  from  the  high  lands. 
The  8unde)-himcls  are  a  congeries  of  forest-covered  mud  banlrs  per- 
meated by  channels  and  lagoons  lying  between  the  water  of  the 
bay  and  the  cultivated  land  of  the  Ganges  delta.    They  are  above 
3000  sq.  m.  in  extent,  and  the  jungle  which  covers  them  is  haunted 
by  savage  beasts  of  various  kinds,  but  especially  by  tigers.  The 
united  rivers  of  the  Ganges  and  Brahmaputra  drain  an  area  of 
752,300  sq.  m.,  and  there  is  scarcely  a  spot  in  Bengal  more  than 
20  m.  distant  from  one  of  their  tributary  streams,  navig-able  even 
in  the  dry  season. 

These  three  great  rivers  of  N.  India  do  not  differ  more  widely 
in  their  physical  circumstances  than  in  the  races  of  men  who 
inhabit  their  banks,  yet  from  their  position  they  seem  formed  to 
unite  nations  the  most  varied  in  their  aspect  and  speech.  The 
tributaries  of  the  Ganges  and  Indus  come  so  near  to  each  other  at 
the  foot  of  the  mountains  that  a  canal  only  2  m.  long  would  unite 
them,  and  thus  an  inland  navigation  from  the  Bay  of  Bengal  to 
the  Gulf  of  Oman  might  be  established. 

An  immense  volume  of  water  is  carried  through  the  Indo- 
Chinese  peninsula  into  the  oceans  on  either  side  the  peninsula  of 
Malacca  by  the  mighty  parallel  rivers  Irawadi,  Sahoen,  Me  Nam, 
and  Me  Khong  or  KcmihocUa.  Having  their  sources  in  those 
elevated  regions  between  the  Brahmaputra  and  the  Yang-tsze- 
Kiang,  they  flow  in  meridional  direction,  and  water  the  great 
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valleys  that  extend  nearly  from  N.  to  S.  witli  perfect  uniformity, 
between  chains  of  mountains  no  less  uniform,  which  spread  out 
like  a  fan  as  they  approach  the  sea.  The  Irawadi  has  its  sources 
among  the  S.  flanks  of  the  Laugtan  Mountains,  flows  S.  through 
the  empire  of  Burma  and  British  Burma,  drains  an  area  of  150,800 
sq.  m.  and  after  a  coiu-se  of  1060  m.  thi-ough  countries  which  are 
but  little  known  to  Europeans,  falls  into  the  Bay  of  Bengal  through 
the  Gulf  of  Martaban.  It  is  navigable  by  steamers  throughout  the 
British  province  of  Pegu,  and  beyond  Mandale,  the  capital  of 
Bm-ma,  as  far  as  Bhamo,  about  600  m.  beyond  the  sea.  From 
Bhamo  there  is  an  overland  trade  route  which  for  a  long  time 
past  has  been  restricted  to  natives.  It  was  in  connexion  with 
the  British  mission  that  had  for  its  object  the  reopening  of 
the  great  trade  route  between  India  and  China  that  the  lamented 
Augustus  Kaymond  Margary  was  murdered  at  Manm-que  on 
February  22,  1875.  From  Ava,  446  m.  from  the  sea,  the  highest 
point  attained  by  the  British  forces  during  the  Burmese  war,  to 
its  delta  the  Irawadi  is  a  magnificent  stream,  more  than  4  m. 
broad  in  some  places,  but  encumbered  with  uiunerous  islands. 
It  receives  the  Kj  end  wen,  its  largest  tributary,  on  the  right  bank, 
and  forms  in  its  delta  a  very  extensive  sj'stem  of  internal  naviga- 
tion. The  Rangun  is  the  only  one  of  its  14  mouths  that  is  always 
navigable,  and  in  it  the  commerce  of  the  empire  is  concentrated. 
The  internal  communication  is  extended  by  the  junction  of  the 
two  most  navigable  deltoid  branches  with  the  Rivers  Sal  wen  and 
Pegu  by  natural  canals:  that  joining  the  former  is  200  m.  long; 
the  canal  uniting  the  latter  is  only  navigable  at  high  water. 

The  Salwm  is  thought  also  to  rise  in  the  Langtan  Mountains. 
It  flows  S.  through  a  deep  gorge  with  a  rapid  current,  often 
broken  by  cataracts,  one  of  which  puts  an  abrupt  termination  to 
the  navigation  vsdthin  100  m.  of  the  sea.  It  is  1750  m.  long, 
drains  an  area  of  62,700  sq.  m.,  and  falls  into  the  E.  side  of  the 
Gulf  of  Martaban.  On  the  E.  shore  of  its  estuary  lies  the  harbour 
of  Moulmein. 

The  Me  Nam  is  less  known  than  the  Irawadi ;  it  runs  through 
the  kingdom  of  Siam,  which  it  cuts  into  several  islands  by  many 
diverging  branches,  and  enters  the  Gulf  of  Siam  by  3  principal 
arms,  the  most  easterly  of  which  forms  the  harbour  of  Bangkok. 

The  Me  Khong  or  Kambodia  has  the  longest  course  of  any  river 
in  the  peninsula ;  it  rises  near  the  N.W.  corner  of  the  Chinese 
Province  of  Yunnan.  After  traversing  the  elevated  plain  of 
Yunnan,  where  it  is  navigable,  it  rushes  through  the  moimtain 
barriers,  and  is  again  navigable  by  boats  on  reaching  a  wider 
valley,  for  a  distance  of  several  hundred  miles.  About  360  m. 
from  its  mouth,  it  is  hemmed  in  by  a  hilly  range,  and  forms 
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numerous  cataracts  and  rapids  wliicli  destroy  its  utility  as  a  great 
artery  of  communication  with  the  interior. 

The  ancient  capital  of  Anam  is  situated  on  the  Kamhodia,  about 
150  m.  from  the  sea  ;  a  little  to  the  S.  begins  the  extensive  delta 
of  this  river,  which  projects  fsir  into  the  ocean,  and  is  cut  in  all 
directions  by  arms  of  the  river,  navigable  during  the  floods ;  three 
of  its  mouths  are  permanently  so  for  large  vessels  up  to  the  capital. 
All  rivers  of  this  part  of  Asia  are  subject  to  periodical  inundations, 
which  fertilise  the  plains  at  the  expense  of  the  mountains. 

The  parallelism  of  the  mountain  chains  constitutes  formidable 
barriers  between  the  upper  basins  of  the  Indo-Chinese  rivers,  and 
decided  lines  of  separation  between  the  inhabitants  of  the  inter- 
vening valleys  ;  but  this  inconvenience  is  in  some  degree  compen- 
sated by  the  natural  canals  of  junction  and  the  extensive  water 
commxmication  towards  the  mouths  of  these  rivers. 

§  3.  The  Chinese  River  Systems. — Four  great  systems  of 
rivers  have  their  origin  on  the  eastern  declivity  of  the  great  table- 
land of  Central  Asia,  and,  running  from  W.  to  E.,  traverse  the 
Chinese  empire : — The  Hong-Kiang,  rising  in  the  province  of 
Yunnan,  flowing  E.  through  the  plains  of  Canton,  empties 
itself  into  the  Bay  of  Canton,  having  been  enlarged  by  the  Se- 
Kiang.  The  Yang-tsze-Kiang  descends  in  two  main  streams  from 
the  Tang-la  Mountains,  in  the  N.E.  of  Tibet,  and  is  estimated 
to  have  a  length  of  8250  m.,  a  fifth  part  of  which  is  navigable  by 
large  ships.  This  mighty  river,  next  in  size  to  the  Mississippi 
and  the  Amazon,  is  swelled  by  numerous  afiiuents,  chiefly  from  the 
N.,  but  also  by  some  from  the  S.  The  former,  flowing  from  lofty 
snow  clad  mountains,  and  consequently  rushing  forth  with  great 
violence  in  the  early  summer,  carries  down  vast  quantities  of  sand' 
and  detritus,  so  that  the  main  stream  is  either  rapidly  obstructed 
in  one  part  of  its  bed  or  deepened  in  another  by  new  and  power- 
ful currents,  and  so  requires  very  careful  navigation.  The  Hoang- 
Ho,  or  Yellow  River,  so  called  from  the  quantity  of  earthy  matter  it 
carries  down  to  the  sea,  is  3000  m.  long,  and  drains  an  area  of 
715,000  sq.  m.  Although  its  source  is  near  that  of  the  Yang- 
tsze-Kiang,  the  two  rivers  are  widely  separated  by  the  moun- 
tain chains  that  border  the  table-land  :  they  approach  each  other 
as  they  proceed  on  their  eastern  course,  and  previous  to  the  year 
1851  were  not  more  than  100  m.  apart  when  they  entered  the 
Yellow  Sea.  In  that  year  the  river  burst  through  its  northern 
banks  near  Lan-Yang-hien,  in  Honan,  and  by  1853  its  lower  course 
was  wholly  changed,  and  its  waters  diverted  northward  to  a  new 
embouchure  in  the  Gulf  of  Pechili,  260  m.  distant  from  its  old 
mouth.  No  less  than  nine  such  changes  are  recorded  by  the  Chinese 
as  having  taken  place  during  the  last  2500  years  ;  the  first  dating 
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atout  602  B.C.,  and  the  mnth  tlie  one  just  described.  The  positions 
of  the  mouths  resulting  from  these  changes  of  the  river  bed  range 
over  an  extent  of  coast  line  comprised  within  no  less  than  5  degrees  of 
latitude.  The  Yang-tsze-Kiang  and  the  Yellow  River,  in  the  lower 
part  of  their  course,  are  united  by  innumerable  canals,  forming  the 
grandest  system  of  irrigation  and  of  internal  navigation  in  existence. 

Sti-ong  tides  ascend  these  rivers  to  the  distance  of  400  m.,  and  for 
the  time  prevent  the  descent  of  the  fresh  water,  which  forms  large  in- 
terior seas,  frequented  by  thousands  of  trading  vessels  ;  they  have 
irrigated  the  productive  land  of  Central  China,  from  time  imme- 
morial the  most  highly  cultivated  and  the  most  densely  peopled 
region  of  the  globe. 

Almost  all  the  Chinese  rivers  of  less  note — and  they  are 
numerous— feed  these  giant  streams,  with  the  exception  of  the  Ta- 
si  or  Hong-Kiang  and  the  Pei-Ho  or  White  Eiver,  which  have  their 
own  basins. 

The  White  River,  rising  in  the  mountains  near  the  Great  Wall, 
becomes  navigable  a  few  miles  E.  of  Pekiu,  imites  with  the  Eu-ho, 
joins  the  Great  Canal,  and,  as  the  tide  ascends  it  for  80  m.,  it  is 
crowded  with  trading  vessels. 

The  Ajnur,  the  sources  of  which  are  in  Mongolia  and  the  Trans- 
baikal  country,  separates  in  great  part  of  its  course  Chinese  Mand- 
chuiia  from  the  Russian  province  of  Amur,  is  2400  m.  long, 
including  its  windings,  and  has  a  basin  of  800,000  sq.  m.  Almost 
all  its  tributaries  come  from  the  Yablonoi  Mountains.  It  is  formed 
by  the  junction  of  the  Shilka  and  the  Argun,  both  from  the  S.W. ; 
and  though  its  course  is  thi'ough  an  uninhabited  coimtry  it  is  cele- 
brated as  having  been  the  birthplace  and  the  scene  of  the  exploits 
of  Tshingis  Khan.  After  passing  through  Lake  Dalai  Nor,  which  is 
210  m.  in  circumference,  it  forms  the  boimdary  between  China  and 
Russia  for  400  m.  ;  it  is  then  joined  by  the  Shilka,  where  it 
assumes  the  Tunguse  name  of  the  Amur  or  Great  River:  the 
Mandchus  call  it  the  Saghalin  or  Black  Water.  It  receives  most  of 
the  rivers  which  come  from  the  mountain  slopes  of  Mandchuria, 
takes  a  N.  course,  and  falls  into  the  Pacific  opposite  to  the  island 
of  Saghalin,  after  having  traversed  3°  of  lat.  and  33°  of  long.  Its 
mouth  is  frozen  for  7  months  in  the  year ;  but  in  the  Island  of 
Saghalin  Russia  possesses  several  fine  harbours,  which  will  enable 
her  fleets  to  keep  the  sea  tkroughout  the  year,  together  with  ex- 
tensive beds  of  coal  capable  of  regularly  supplying  her  steam  navy 
in  the  North  Pacific.  The  connection  of  the  Baltic  and  the  Caspian 
Seas  is  complete,  and  it  now  requires  only  200  m.  of  additional 
canalisation  to  connect  the  Caspian  and  Pacific ;  when  that  work 
is  accomplished,  the  Baltic  and  Pacific  will  be  united  by  an  un- 
broken internal  navigation  of  8000  m. 
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§  4.  Siberian  Rivers. — Three  great  rivers,  the  Lena,  the 
Yenissei,  and  the  double  sj'stem  of  the  Irtish  and  Oh,  carry  off  the 
waters  of  the  Altai  chain,  and  of  the  mountains  which  hound  the 
northern  border  of  the  great  Asiatic  table-land.  The  Lena,  the 
basin  of  which  occupies  782,400  sq.  m.,  rises  in  mountains  W.  of 
Lake  Baikal,  and  runs  N.E.  through  more  than  half  its  course 
to  Yakutsk,  in  Siberia,  the  coldest  town  on  the  face  of  the  earth, 
receiving  in  its  course  the  Vitim  and  the  Olekma,  its  two  principal 
aflfluents,  both  from  the  Yablonoi  Mountains.  North  of  Yakutsk, 
about  63°  N.  lat.,  the  Lena  receives  the  Aldan,  its  greatest  tribu- 
tary, which  comes  from  the  Yablonoi ;  it  then  runs  to  the  Arctic 
Ocean,  between  banks  of  frozen  mud,  which  enclose  the  bones  of 
those  extinct  species  of  elephants  and  rhinoceroses  that  at  some  re- 
mote period  had  foimd  their  nourishment  in  these  desert  plains.^ 
The  length  of  the  Lena,  including  its  windings,  is  2620  miles. 

The  Yenissei,  a  much  larger  river  than  the  Lena,  drains  about 
896,200  sq.  m.,  and  has  its  remotest  sources  among  the  S.  slopes  of 
the  Savansk,  and  the  N.  slopes  of  the  Tannu  Ola  Mountains,  W. 
and  N.W.  of  Lake  Kossogol.  It  crosses  the  Savansk  rangQ  in 
cataracts  and  rapids,  entering  the  plains  of  Siberia  below  the  town 
of  Krasnojarsk,  Below  this  many  rivers  join  it,  chiefly  the  Angara 
from  the  Lake  Baikal ;  but  its  greatest  tributaries,  the  S.  and  N. 
Tuuguska,  both  large  rivers  from  the  Baikalian  Mountains,  join  it 
lower  down,  one  in  lat.  62°,  the  other  in  lat.  66°  N.  It  runs  thence 
N.  to  the  Icy  Ocean,  there  forming  a  large  gulf,  its  length,  mea- 
sm'ed  along  its  bed,  being  3020  m. 

The  Oh  rises  among  the  defiles  of  Mount  Bielucha  in  the  Altai 
Mountains ;  all  the  streams  of  the  Lesser  Altai  unite  to  augment 
its  waters  and  those  of  its  great  tributary  the  Irtish.  The  rivers 
which  descend  from  the  northern  declivity  of  the  mountains  go  to 
the  Ob,  those  from  the  western  side  to  the  Irtish.  The  latter 
springs  from  numerous  streams  on  the  S.W.  declivity  of  the  Little 
Altai,  and  runs  westward  into  the  Zaisan  Lake,  200  m.  ia  circum- 
ference. Issuing  thence,  it  takes  a  W.  course  to  the  plain  on  the 
N.  of  Semipolatinsk,  in  which  it  is  joined  by  the  Tobol,  which 
crosses  the  steppe  of  the  Kirghiz  Cossacks  from  the  Ural  Mountains, 

1  The  elephant  and  rhinoceros  of  Siberia  belong  to  extinct  species  the 
remains  of  which  are  widely  scattered  over  the  whole  of  Europe.  The 
Siberian  individuals  were  covered  with  a  thick  coating  of  hair  and  fur,  so 
different  from  any  of  their  living  congeners,  that  it  suggested  to  Cuvier  the 
explanation  of  their  being  able  to  exist  in  so  cold  a  climate,  where,  from 
their  extraordinary  state  of  preservation,  they  must  evidently  have  lived 
their  hairy  coats  enabling  them  to  brave  an  excessive  climate,  whilst  they 

found  nourishment  in  the  birch  and  pine  forests  of  these  high  latitudes.  

See  Cuvier, '  Ossemens  fossiles,'  article  '  Elc'phants  fossiles.' 
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and  then  it  uuites  with  the  Oh  ;  the  joint  stream  proceeds  to  the 
Arctic  Ocean,  into  which  it  falls  in  67°  N.  lat.  It  is  2700  m.  lonj?, 
and  drains  an  area  of  1,294,000  sq.  m. 

Before  the  Ob  leaves  the  mountains,  at  a  distance  of  1200  m. 
from  the  Arctic  Ocean,  its  sm'face  has  an  elevation  of  not  more 
than  400  ft.,  and  the  Irtish,  at  the  same  distance,  is  only  72  ft. 
higher ;  both  the  currents  are  consequently  sluggish.  When  the 
snow  melts,  they  cover  the  country  like  seas ;  and  as  the  inclination 
of  the  plains  in  the  middle  and  lower  parts  of  their  course  is  not 
sufficient  to  carr}^  off  the  water,  those  immense  lakes  and  marshes 
are  formed  which  characterise  this  portion  of  Siberia. 

The  bed  of  the  Ob  is  very  deep ;  and  as  the  water  is  very  deep 
at  its  mouth,  the  largest  veiSsels  can  ascend  the  stream  as  far  as 
the  confluence  of  the  Irtish.  Its  many  affluents  also  might  admit 
ships,  did  not  the  climate  form  an  insurmountable  obstacle  dm'ing 
the  greater  part  of  the  year.  Indeed,  all  Siberian  rivers  are  frozen 
annually  many  months,  and  even  the  ocean  along  the  Arctic  coasts 
is  rarely  disencumbered  from  ice  ;  therefore  these  vast  rivers  never 
can' be  important  as  navigable  streams.  They  abound  in  fish  and 
water  fowl,  for  which  the  Siberian  peasant  braves  the  extremest 
severity  of  the  climate. 

Local  circumstances  have  nowhere  produced  a  greater  dififer- 
ence  in  the  human  race  than  in  the  basins  of  the  great  rivers  Js .  and 
S.  of  the  table-land  of  Eastern  Asia.  The  Indian,  favoured  by  the 
finest  climate,  and  a  soil  which  produces  the  luxuries  of  life,  inter- 
sected with  rivers  navigable  at  all  seasons,  and  affording  easy  com- 
munication with  the  surroimding  nations,  attained  early  a  high 
degree  of  civilisation,  which  has  since  been  lost ;  while  the  Siberian 
and  Samoyede,  doomed  to  contend  with  the  i-igours  of  the  polar 
blasts  in  order  to  maintain  mere  existence,  have  never  risen  be- 
yond the  lowest  grade  of  humanity  ;  but  custom  softens  the  rigour 
of  this  stern  life,  so  that  even  here  a  share  of  happiness  is  en- 
joyed. 


CHAPTER  XXI. 

AMERICAN  AND  AUSTRALTAN  RIVERS. 

§  1.  River  Systems  of  North  America. — North  America  is 
divided  into  four  distinct  water  syst?!ms  by  the  Rocky  Moimtains, 
the  AUeghanies,  and  the  table-land  which  contains  the  great  lakes, 
and  separates  the  rivers  that  flow  into  the  Arctic  Ocean  from  those 
which  rim  into  the  Gulf  of  Mexico.  This  table-land,  which  is  a 
level  nowhere  more  than  1200  or  1500  ft.  above  the  surface  of  the 
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sea,  is  the  watershed  of  the  Mississippi,  the  Mackenzie,  the  St. 
Lawrence,  and  of  the  rivers  that  flow  into  Hudson  Bay.  The  St. 
Laiormce  rises  under  the  name  of  St.  Louis  in  Kaginoshensihag 
Lake,  to  the  N.W.  of  Lake  Superior  ;  after  connecting  the  Lakes 
Superior,  Huron,  Erie,  and  Ontario,  it  issues  from  the  last  as  the 
St.  Lawrence,  and  expanding  in  its  N.E.  com-se  into  the  Lakes  of 
St.  Francis,  St.  Louis,  and  St.  Peter,  it  runs  N.E.  and  after  a 
coiu-se  of  2080  m.  enters  the  Atlantic  with  an  embouchure  120  m. 
wide.  Its  tributaries  are  larger  than  European  rivers,  and  several 
of  those  that  fall  into  the  Ottawa  are  greater  than  the  Thames. 
The  granite  capes  and  headlands  ou  the  gulf  are  of  striking  grandeur  ; 
the  boldest  and  loftiest  part  of  this  granite  wall  is  cleft  by  an 
enormous  fissure,  through  which  the  Saguenay  flows.  The  waters 
of  this  great  tributary  rim  beneath  a  perpendicular  bank,  the  river 
being  in  some  places  a  thousand  feet  deep.'  The  St.  Lawrence  has 
a  basin  of  1,100,000  sq.  m.,  of  which  93,700  are  covered  with 
water,  exclusive  of  the  many  lesser  lakes  with  which  it  is  in  com- 
munication. 

N.  of  the  watershed  there  is  a  labyrinth  of  lakes  and  rivers, 
almost  aU  of  which  are  connected  with  one  another.  But  the 
principal  streams  of  these  Arctic  lands  are— the  Gi-eat  Fish  River, 
now  called  the  Black  River,  which  flows  N.E.  in  a  continued  series 
of  dangerous  and  all  but  impassable  rapids  to  the  Arctic  Ocean 
through  Ross  Strait  and  M'Olintock  Channel;  the  Coppermine. 
River,  of  much  the  same  character,  which,  after  traversing  many 
lakes,  enters  the  Icy  Sea  at  Coronation  Gulf ;  the  Machemzie  River, 
a  stream  of  greater  magnitude,  formed  by  the  confluence  of  the 
Peace  Pdver  from  the  Babino  Mountains,  and  the  Athabasca  from 
Mount  Brown,  which,  after  flowing  N.  over  more  than  16  degrees 
of  latitude,  enters  the  Frozen  Ocean  by  many  mouths  in  the  Esqui- 
maux country  beyond  the  Arctic  Circle,  in  lat.  68°  50'  N.  ;  and  the 
Colville,  a  river  of  Alaska,  which  enters  the  sea  in  151°  W.  long., 
at  Harrison's  Bay.  All  these  rivers  are  frozen  more  than  half 
the  year,  and  the  Mackenzie,  in  consequence  of  its  length  and 
direction  from  S.  to  N.,  is  subject  to  floods  like  the  Siberian  rivers, 
because  its  lower  course  remains  frozen  for  several  hundred  miles 
long  after  the  upper  part  has  thawed,  and  the  water,  finding  no 
outlet,  flows  over  the  ice  and  inundates  the  plains.  The  Yukon,  or 
Kvnch-pak,  is  a  magnificent  river,  1500  m.  long,  draining  250,000 
sq.  m.  of  country  to  the  W.  of  the  basin  of  the  Mackenzie.  Near 
long.  147°  W.  it  is  joined  by  the  Porcupine  River  on  its  right 
bank.  In  long.  168°  W.,  the  river  bends  southward,  a  course 
which  it  pursues  for  over  200  m.    It  then  turns  W.,  and  falls  into 
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Norton  Sound  by  numerous  mouths,  of  which  the  most  nortlierly, 
the  Aphoon,  is  navigable,  though  all  are  blocked  up  by  ice  till  the 
beginning  of  June  and  freeze  again  in  October.  The  Upper  Yukon, 
which  has  been  explored  for  600  m.  above  the  junction  of  the 
Porcupine,  runs  through  mountain  gorges ;  and  at  some  distance 
below  the  confluence  of  the  Porcupine  the  heights  on  the  banlcs 
are  Imown  as  the  '  Ramparts,'  and  tower  grandly  above  the  river. 
Many  islands  are  formed  in  its  course,  and  it  is  in  several  places 
obstructed  by  rapids ;  but  there  are  none  which  would  prevent  the 
navigation  of  the  river,  during  the  time  it  is  open,  by  such  steamers 
as  are  used  on  American  rivers.  The  banks  of  the  Yukon  are  in 
many  places  well  wooded  with  pine,  poplar,  willow,  and  birch ; 
and  the  jriver  abounds  in  salmon. 

Although  the  Arctic  coast  is  so  stern,  a  magnificent  coimtry  to 
the  S.  has  been  for  many  years  in  possession  of  the  British  empire, 
which  may  in  futiu'e  be  a  rich  and  flourishing  colony,  but  which 
has  hitherto  only  supplied  the  London  market  v/ith  fur.  It  contains 
two' rivers  now  become  of  great  importance — tlje  Saskatchewan  and 
the  jRed  River.  The  S.  and  N.  branches  of  the  former  have  their 
origin  in  the  E.  slopes  of  the  Felsen  section  of  the  Rocky  Moun- 
tains. The  first  part  of  the  course  of  the  S.  branch  is  through  a 
country  that  is  partly  arid,  but  the  N.  branch  flows  throug-h  prairies 
of  great  fertility.  After  being  increased  by  large  tributaries,  the 
two  branches  unite  and  ultimately  fall  iaito  Lake  Winnipeg. 
Leaving  the  lake  at  its  N.E.  corner,  it  flows  N.,  then  N.E.,  as 
the  Nelson  River,  and,  after  a  course  of  1930  m.,  falls  into  Hudson 
Bay  N.W.  of  Cape  Tatnam.  The  Red  River  rises  in  Elbow  Lake, 
in  Minnesota,  and,  after  cutting  a  winding  course  for  100  m.,  falls 
into  the  southern  part  of  Lake  Winnipeg. 

S.  of  the  table-land  the  valley  of  the  Mississippi  extends  for 
1000  m.,  and  this  greatest  of  North  American  rivers  has  its  origin 
in  the  small  Lake  of  Itaska,  on  the  table-land  at  no  greater  height 
than  1680  ft.  above  the  sea.  This  river  flows  from  N.  to  S.  through 
more  degrees  of  latitude  than  any  other,  and  receives  so  many 
tributaries  of  the  higher  orders  that  it  woiUd  be  difficult  even  to 
name  them.  Among  those  that  swell  its  volume  from  the  Rocky 
Mountains,  the  Missouri,  the  Arkansas,  and  the  Red  River  are  the 
largest,  each  being  in  itself  a  mighty  stream,  receiving  tributaries 
without  number.  Before  their  junction  the  Missouri  is  a  river 
much  superior  to  the  Mississippi  both  in  length  and  volume,  and 
has  many  affluents  larger  than  the  Rhine.  It  is  formed  by  the 
union,  at  Point  Three  Forks,  in  lat.  46°  N.  and  long.  111°  30'  W., 
of  the  Rivers  Jefi'erson,  Madison,  and  Gallatin,  and  runs  partly  in 
a  longitudinal  vaUey  of  the  Rocky  Mountains,  and  partly  at  their 
foot  and  drains  the  whole  of  the  country  on  the  right  bank  of  the 
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Mississippi  between  49°  and  40°  N.  lat.    It  descends  in  cataracts 
through  the  mountain  re^ons,  and  in  the  plains  it  sometimes  passes 
throug-h  large  praii-ies  and  sometimes  through  dense  forests,  travers- 
ing in  all  3000  m.,  in  a  veiy  tortuous  and  generally  S.E.  direction, 
till  it  joins  the  Mississippi  near  the  town  of  St.  Louis.  Lower 
down,  the  Mississippi  is  joined  by  the  Arkansas,  2170  m.  long,  with 
many  tributaries,  and  then  by  the  Red  River,  the  former  from  the 
Eocliy  Mountains  ;  the  latter,  which  rises  in  the  Staked  Plain  of 
Texas,  is  fed  by  rivers  from  the  Sierra  del  Sacramento,  and  enters 
the  mam  stream  in  lat.  31°  N.  and  long.  91°  40'  W.    At  the 
head  of  its  delta,  which  is  larger  than  that  of  the  Nile  the 
Mississippi  sends  off  a  large  branch  called  the  Atchafalaya  to  the 
b.,  and  then  turning  to  the  E.  it  discharges  itself  by  6  mouths  at 
the  extremity  of  a  long  tongue  of  land  which  stretches  60  m.  into 
the  Gulf  of  Mexico.    The  shore  is  lined  with  shallow  salt  laa-oons i 
the  greater  part  of  the  delta  is  covered  with  water  and  unhealtliv 
raaijhes,  the  abode  of  the  crocodile,  and  is  during  the  floods  a 
muddy  sea.    This  river  is  navigable  for  2240  m.    Its  vaUey  is  of 
variable  width,  but  at  its  greatest  breadth,  at  the  iimction  of  the 
White  Elver,  it  is  80  m.    The  tributaries  from  the  Rocky  Moun- 
tains though  much  longer,  nm  through  coimtries  of  less  promise 
than  those  which  are  traversed  by  the  Ohio  and  the  other  rivers  that 
flow  into  the -Mississippi  from  the  E.,  which  offer  advantages 
unrivalled  even  m  this  wonderful  country.   The  Ohio  is  formed  by 
the  union  of  the  Rivers  Alleghany  and  Monongahela,  the  latter 
fiom  the  Lam-el  ridge  of  the  Alleghany  chain  in  Virginia ; 

Pitf^K  '  ^'"^  *^r''^^*l°^  Lake  Erie;  and  the  two  unite  a 
Pittsburg  from  whence  the  river  winds  for  948  m.  througli 
some  of  the  finest  States  of  the  Union,  to  its  junction  with  the 
Mississippi,  having  received  many  accessories,  6  of  which  are 
navigable  streams.  There  are  some  obstacles'  to  naXa^on  n 
both  the%r"'- '^^1  Otlaer  canaL  ]o  n 

IS  In  nte^r^'T^'"'  ^- ''''''''  ^""^  E^'^^'  '^^^  there 
I  r.  i.  Ti"'  ^o^^Qi^iDiC'-ition  between  the  St.  Lawi-ence  and 

1    but  i  •  -^"l«.>-th  of  the  M^ssissippil^reo 

m.  but  if  the  Missouri  be  considered  the  main  stream,  t  is  4360 
and  the  jomt  stream  drains  an  area  of  1,236,000  sq.  m.  ife  breadth 
of  the  river  nowhere  corresponds  with  its  length.   At  the  confluence 

t  ohru  iw T '  "^^^    '^f*-  i-t^: 

for  2000  m   rom  iT""   -f:  "^'^  Mississippi 

bi^adth  Thrdith tiorr:       '^^'^^-^"^^  ^ 

o+  A-     r^  1         P  It  enters  the  Gulf  of  MexiVn 

^d   t  violent         V  'i-^l-ti-.-  torrent  loaded  ^th 

mua  .  Its  violent  floods,  from  the  melting  of  the  snow  in  the  hi<.h 
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latitudes,  sweep  away  whole  forests,  by  which  the  navigation  is 
rendered  very  dangerous  at  times,  and  the  trees,  being  matted 
together  in  masses  many  yards  thick,  are  carried  down  by  the 
spring  floods,  and  deposited  over  the  delta  and  Gulf  of  Mexico  for 
hundreds  of  square  miles. 

North  America  can  boast  of  two  other  great  water  systems : 
one  from  the  eastern  declivity  of  the  AUeghanies,  which  flows  into 
the  Atlantic;  and  another  from  the  western  side  of  the  Rocky 
Mountains,  which  runs  into  the  Pacific. 

All  the  streams  that  flow  eastward'  through  the  United  States 
to  the  Atlantic  are  short,  and  of  comparatively  small  volume,  but 
of  the  highest  utility,  because  many  of  them  end  in  gulfs  or  estu- 
aries, and  the  whole  are  so  united  by  canals  that  there  are  few 
places  which  are  inaccessible  by  water — one  of  the  greatest  advan- 
tages a  country  can  possess.  There  are  at  least  24  great  canals  in 
the  United  States,  the  length  of  which  is  3101  m.  This  is  an 
important  addition  to  the  already  great  extent  of  inland  navigation 
furnished  by  the  rivers. 

Many  of  the  streams  which  fall  into  the  Atlantic  rise  in  the 
western  ridges  of  the  Alleghany  chain,  and  traverse  its  longitudinal 
valleys  before  leaving  the  mountains  to  cross  the  Atlantic  slope, 
which  terminates  in  a  precipitous  ledge  for  300  m.  parallel  to 
the  range.  By  falling  over  this  rocky  barrier  in  long  rapids  and 
picturesque  cascades,  they  afford  an  enormous  and  extensive  water 
power ;  and  as  the  rivers  are  navigable  from  the  Atlantic  qiute 
across  the  maritime  plains,  these  two  circumstances  have  deter- 
mined the  location  of  most  of  the  principal  cities  of  the  United 
States  at  the  foot  of  this  roclcy  ledge,  which,  though  not  more  than 
300  ft.  high,  has  had  a  greater  iuflaeuce  on  the  political  and  com- 
mercial interests  of  the  Union  than  the  highest  chains  of  mountains 
have  had  in  other  countries.  The  Hudson  in  the  N.  is  navigable 
to  Albany ;  the  Delaware,  and  Susquehanna,  ending  in  bays,  are 
important  rivers ;  and  the  Potomac,  which  falls  iuto  Chesapeake 
Bay,  passes  by  Washington,  the  capital  of  the  United  States,  to 
which  the  largest  ships  can  ascend. 

The  watershed  of  the  Rocky  Mountains  lies  at  a  greater  distance 
from  the  Pacific  than  that  of  the  AUeghanies  from  the  Atlantic  ; 
consequently  the  rivers  are  longer,  bat  they  are  few,  and  were  little 
known  till  they  were  discovered  to  be  so  rich  in  gold.  The  Fraser, 
and  its  tributaries,  the  Anderson  and  Thompson,  in  British  Columbia, 
are  hio-bly  auriferous,  and  there  is  every  reason  to  believe  that  the 
Nassels  equally  so.  It  is  more  to  the  N.,  and  flows  between  im- 
mense moimtains,  whose  summits  are  covered  with  perpetual  snow, 
and  through  a  country  which,  like  the  whole  of  the  N.W.  coast  ot 
British  Columbia,  is  one  long  continuous  formation  of  slate  with 
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freqiieut  veins  of  crystallised  quartz,  and  at  intervals  indications 
of  aucient  volcanic  action ;  the  miners  believe  the  whole  disti-ict 
to  be  highly  am-iferous.  About  110  m.  from  Fort^  Simpson  the 
Nasse  makes  a  rectangular  turn,  falling  at  the  rate  of  10  or  12  ft. 
in  a  mile :  the  water  rushes  furiously,  forming  below  the  angle  a 
whirlpool  300  ft.  in  circumference,  upon  the  outer  edge  of  which 
the  waters  boil  up  from  beneath  as  from  a  caldron^  raising  the 
level  of  the  current  several  feet,  and  then  biu-sting  with  a  fury  that 
carries  everything  before  it ;  and  about  3  m.  lower  down  the  river 
forms  a  regular  cascade,  and  falls  iato  the  Pacific  in  54°  40'  N. 

Only  patches  of  laud  are  fit  for  cultivation,  but  80  m.  from  the 
mouth  of  the  river  the  Indians  plant  great  crops  of  potatoes,  so  that 
a  mmmg  establishment  might  be  supplied  with  food. 

The  peculiar  nature  of  that  part  of  the  watershed  of  the  Eocky 
Mountains  that  belongs  to  British  Columbia  was  fir^t  brouo-ht  into 
notice  by  Mr.  John  Ball.  'Except  in  the  Carpathian  chain,  we 
have  nowhere  in  the  Old  World  anything  exactly  like  it.  The  rivers 
seem  to  pass  across  the  axis  of  greatest  elevation.  The  two  main 
branches  of  the  Saskatchewan  River  pass  to  the  westward  of  the 
highest  mountains  in  the  chain.  Mount  Miu-chisoh  and  Mount 
Hooker ;  and  on  the  western  side  of  the  chain  we  have  this  extra- 
ordinary fact-two  rivers  flowing  parallel  to  each  other,  a  few  miles 
apart,  for  a  long  distance,  the  Colimibia  and  the  Kutanie  one 
rimnmg  to  the  N.W.  and  the  other  to  the  S.E.  It  is  on-  of  the 
most  singular  facts  in  physical  geography.'  The  largest  of  the 
nvers  W.  of  the  RockT  Mountains  are  the  Oregon  ^  CdunMa, 
and  the  i^^a  Colorado  The  former  has  its  sources  among  the 
Kananaski  Peaks  on  the  W.  side  of  the  Rocky  Mountains  •  and 
after  an  exceedingly  tortuous  course,  in  which  it  receives  many 
tributanes,  it  falls  into  the  Pacific  between  Capes  Adam  and  Dis- 
appointment^ The  Colorado  is  formed  by  the  union  of  the  Green 
River  from  Fremont's  Peak  and  the  Grand  River,  which  bas  its 
remotest  sources  m  the  Parks,  and  falls  into  the  Gulf  of  Oali 

triittl  pT'T  """'TT  ^^•ib^^t^™^.  of  ^Wch  the  San  Juan, 
the  Little  Colorado,  and  the  Gila  are  the  chief.     The  basin 

by  the  Wahsatch  Mountains.  It  is  of  a  triangular  shape  and 
.consists  of  successive  table-lands  of  from  4000  to  7000  or' even 

Throulh  fhpf Iw'^i'  "^"P*  ^*^8-BS  and  barren  surfaces. 

Through  these  table-lands  the  Colorado  and  its  tributaries  have 
worn  deep  and  remarkable  gorges,  called  canons,  the  aS 

long.  The  sides  of  this  gorge  rise  from  1000  ft.  to  nearlv  n 
mile  an  perpendicular  height.    The  parts  of  the  table-land  Xh 
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are  traversed  hj  these  canons  are  barren,  as  all  the  water  flows 
away  in  the  deep  valleys,  and  tributary  streams  come  to  the  chief 
river  through  tributary  canons.' 

The  Wahsatch  Mountains,  which  are  60  m.  broad,  separate  the 
Colorado  Basin  from  what  is  called  the  Great  Basin,  which  lies  W. 
and  N.W.  of  the  range,  and  has  an  area  of  280,000  sq.  m.  This  is 
watered  by  numerous  small  streams  which  flow  into  salt  lakes. 
The  Hiomholdt  is  one  of  the  largest  of  the  rivers  found  in  the  Great 
Basin ;  and  the  Great  Salt  Lake,  near  which  is  the  Mormon  settle- 
ment, is  one  of  the  chief  lakes.  The  Sacramento^  with  its  tribu- 
taries, a  Californian  stream,  lies  W.  of  the  Sierra  Nevada,  and 
fl,ow9  through  an  extensive  and  rich  auriferous  country  in  its  course 
to  the  Bay  of  San  Francisco  on  the  Pacific. 

On  the  table-land  of  Mexico  there  is  a  basin  of  continental 
streams  which,  rising  from  springs  on  the  eastern  side  of  the  Sierra 
Madre,  and  fed  by  the  periodical  rains,  flow  northward  and  ter- 
minate in  lakes  that  part  with  their  superfluous  water  by  evapo- 
ration. Of  these  the  Rio  Grande  which,  after  a  coiu-se  of  300  m., 
falls  into  the  Parras,  is  the  greatest. 

The  largest  river  in  the  isthmus  of  Mexico  is  the  Rio  S.  lago, 
which  rises  on  the  table-land  of  Toluca,  forms  numerous  cascades, 
and  falls  into  the  Pacific  after  a  coiu-se  of  400  m.  The  river  of 
Goatzncoalcos,  which  traverses  the  isthmus  nearly  from  sea  to  sea, 
emptying  itself  into  the  Gulf  of  Mexico,  has  by  some  been  con- 
sidered as  the  best  point  for  a  sea  canal  between  the  two  oceans. 

§  2.  River  Systems  of  Central  America. — There  are  many 
streams  in  Central  America,  and  above  10  rivers  that  are  navigable 
for  some  miles ;  6  of  these  fall  into  the  Gulf  of  Mexico  and  Carib- 
bean Sea,  and  4  into  the  Pacific.  Of  these  are  the  Rio  Montagua, 
which,  rising  in  the  mountains  near  Guatemala,  flows  into  the  Gulf 
of  Hondm-as ;  and  the  Blewfields  River,  the  greater  part  of  the 
course  of  which  is  in  the  Mosquito  territory. 

In  the  southern  part  of  the  State  of  Nicaragua  is  situated  the 
river  of  San  Juan,  which  drains  the  lakes  of  Nicaragua  and 
Managuya,  and  by  which  it  is  supposed  a  water  communication 
could'be  easily  effected  between  the  Atlantic  and  the  Pacific. 

§  3.  The  River  Systems  of  South  America. — The  Andes, 


1  The  word  caKon  is  used  to  express  the  clefts  through  which  many  of 
the  rivers  of  the  west  of  America  flow  for  long  distances.  Sometnnes  the 
term  is  applied  to  a  mountain-gorge,  as  the  canon  of  the  Fraser  in  Bnt.sh 
Columbia  and  sometimes  to  such  a  gorge  as  that  described  as  occm-rmg  m 
the  course  of  the  Colorado.  In  every  case,  canons  are  the  result  of  lie 
eroding  action  of  the  river,  and  no  rocks,  however  hard,  are  found  capable 
of  resisting  it. 
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the  extensive  watershed  of  South  America,  are  so  close  to  the  sea 
that  there  are  no  rivers  of  considerable  size  which  empty  themselves 
into  the  Paciiic :  even  some  of  the  streams  that  rise  in  the  western 
coi-diUeras  find  their  way  to  the  eastern  plains. 

The  Magdalena,  at  the  N.  end  of  the  Andes,  though  a  secondary 
river  in  America,  is  900  m.  long.  It  rises  in  the  central  chain,  at 
the  divergence  of  the  cordilleras  of  Suma  Paz  and  Quindiu,  and 
enters  the  Caribbean  Sea  by  various  channels :  it  is  navigable  as 
far  as  Honda.  The  Oauca,  its  only  feeder  on  the  W.,  comes  from 
Popayan,  and  is  nearly  as  large  as  its  primary,  to  which  it  runs 
parallel  the  greater  part  of  its  course.  Many  streams  join  the 
Magdalena  on  the  right,  as  the  stream  which  waters  the  elevated 
plain  of  Bogota,  and  forms  the  cataract  of  Tequendama,  one  of  the 
most  beautiful  and  wildest  scenes  in  the  Andes.  The  latter  river 
rushes  through  a  chasm  30  ft.  wide,  which  appears  to  have  been 
formed  by  an  earthquake,  and  at  a  double  bound  descends  530  ft. 
into  a  dark  gloomy  pool,  illuminated  only  at  noon  by  a  few  feeble 
rays.  A  dense  cloud  of  vapour  rising  from  it  is  visible  at  the  dis- 
tance of  16  m.  At  the  top  the  vegetation  is  that  of  a  temperate 
climate,  while  palms  grow  at  the  bottom. 

The  River  Atrato,  parallel  to  the  Oauca  and  Magdalena.  but  less 
considerable,  empties  itself  into  the  Gulf  of  Darien.  The  Rivers 
Patia,  San  Suan,  Las  Esmeraldas,  and  Guayaquil,  all  rise  on 
the  W.  declivity  of  the  Andes  and  flow  into  the  Pacific.  With 
these  exceptions  all  the  water  from  the  inexhaustible  soiu'ces  of  the 
Andes  N.  of  Chile  is  poured  into  the  Orinoco,  the  River  Amazon, 
and  the  Rio  de  la  Plata,  which  convey  it  across  the  continent  to 
the  Atlantic.  In  the  far  S.,  indeed,  there  are  the  Colorado^  and 
Jiio  Nec/ro,  but  they  are  insignificant  when  compared  with  the 
three  giant  floods  above  named. 

The  basins  of  these  three  rivers  are  separated  in  their  lower 
parts  by  the  mountains  and  highlands  of  Guiana  and  Brazil ;  but 
the  upper  parts  of  the  basins  of  all  three  form  an  extensive  level, 
and  are  only  divided  from  one  another  by  imperceptible  elevations 
in  the  plains,  barely  sufficient  to  form  the  watersheds  between  the 
tributaries  of  these  majestic  rivers.  This  peculiar  structure  is  the 
cause  of  the  natural  canal  of  the  Oassiquiare,  which  joins  the  Upper 
Orinoco  with  the  Rio  Negro,  a  principal  affluent  of  the  Amazon. 
Ages  hence,  when  the  wilds  shall  be  inhabited  by  civilised  man,  the 
tributaries  of  these  three  great  rivers,  many  of  which  are  navigable 
to  the  foot  of  the  Andes,  will,  by  means  of  canals,  form  a  water 
system  infinitely  superior  to  any  that  now  exists. 

The  Orinoco  rises  in  the  Sierra  Parima,  200  m.  E.  of  the 
elevated  Peak  of  Duida,  and  maintains  a  westerly  course  to  San 
Fernando  de  Atabapo,  where  it  receives  the  Atabapo  and  Guaviai'e; 
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here  ends  the  Upper  Orinoco.  The  river  then  forces  a  passajje 
through  the  Sierra  Pariiua,  and  runs  due  N.  for  three  degrees 
of  lat.,  between  banks  almost  inaccessible ;  its  bed  is  traversed 
by  dykes,  and  filled  with  boulders  of  granite  and  islands  clothed 
vpith  a  great  variety  of  magnificent  palm  trees.  Large  portions  of 
the  river  are  here  engulfed  in  crevices,  forming  subterranean 
cascades ;  in  this  portion  are  the  celebrated  falls  of  the  Atures 
and  Apures,  86  m.  apart,  which  are  heard  at  the  distance  of  many 
miles.  At  the  end  of  this  tumultuous  part  of  its  course  it  is  joined 
by  the  Meta,  and  farther  N.  by  the  Apure,  two  very  large  rivers, 
which  drain  the  whole  eastern  side  of  the  Andes  in  an  extent  of 
10  degrees  of  lat. ;  it  then  runs  eastward  to  its  mouth,  where-  it 
forms  an  extensive  delta,  and  enters  the  Atlantic  by  many  channels. 
As  the  Upper  Orinoco  runs  W.,  and  the  Lower  Orinoco  E.,  it 
makes  a  complete  circuit  round  the  Parima  moimtain  system,  so 
that  its  mouth  is  only  two  degrees  distant  from  the  meridian  of 
its  sources. 

The  Cassiquiare  leaves  the  Orinoco  near  the  S.  base  of  the  Peak 
of  Duida,  and  joins  the  Rio  Negro,  a  chief  tributary  of  the  Amazon, 
at  the  distance  of  180  m.  It  is  navigable  for  1000  m.  at  all  times 
of  the  year ;  a  fleet  might  ascend  it  from  the  Dragon's  Mouth  to 
within  45  m.  of  Santa  Fe  de  Bogota.  It  receives  many  navigable 
rivers,  of  which  the  Guaviare,  the  Atm-es,  and  the  Meta  are  each 
larger  than  the  Danube.  The  Meta  may  be  ascended  to  the  foot 
of  the  Andes  ;  its  mean  depth  is  36  ft.,  and  in  many  places  80  or 
90  ft.  It  rises  at  so  great  an  elevation  in  the  Andes  that  Humboldt 
says  the  vegetable  productions  at  its  som-ce  differ  as  much  from 
those  at  its  confluence  with  the  Orinoco,  though  in  the  same  lati- 
tude, as  the  vegetation  of  France  does  from  that  of  Senegal.  The 
larger  feeders  of  the  Orinoco  come  from  the  Andes,  though  many 
descend  to  it  from  both  sides  of  the  Parima,  in  consequence  of  its 
long  circuit  among  these  low  mountains.  The  basin  of  the  Orinoco 
has  an  area  of  320,000  sq.  m.,  of  which  the  upper  part  is  one 
impenetrable  forest ;  the  lower  consists  of  those  extensive  plains 
called  Llanos. 

The  floods  of  the  Orinoco,  like  those  of  all  rivers  entirely  within 
the  torrid  zone,  are  very  regular,  and  attain  their  height  nearly  at 
the  same  time  with  those  of  the  Ganges,  the  Niger,  and  the  Gambia. 
They  commence  rising  about  March  25,  arrive  at  their  greatest 
height,  and  begin  to  decrease,  about  August  25.  The  inundations 
are  very  great,  owing  to  the  quantity  of  rain  that  falls  in  the 
re"ions  close  to  the  Andes,  which  is  said  to  exceed  1000  inches  in 
a  year. 

Below  the  confluence  of  the  Apure  the  river  is  3  m.  broad,  but 
during  the  floods  it  is  three  times  as  much.    By  the  confluence  of 
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four  of  its  «rreatest  tributaries  at  the  point  at  whicli  it  bends  to 
the  E.,  a  low  inland  delta  is  formed,  in  consequence  of  which  3600 
sq.  m.  of  the  plain  are  under  water  during  the  inundations. 

Upper  Peru  is  the  cradle  of  the  Amazon  {Marafion,  Orellana, 
or  Solimoem),  the  greatest  of  rivers,  which  drains  the  chain  of  the 
Andes  from  the  equator  to  20°  S.  lat.  Its  head  streams,  the 
Tunguragua  and  the  Yucayali,  take  their  rise  at  a  great  elevation 
among  the  Peruvian  Andes,  the  one  in  Lake  Lauricocha  and  the 
other  on  the  W.  flanks  of  the  Andes  of  Vilcanota,  a  little  to  the 
N. W.  of  Lake  Titicaca ;  it  runs  in  a  deep  longitudinal  valley  from 
S.  to  N.,  till  it  hursts  through  the  eastern  ridge  at  the  Pongo  de 
Manseriche,  near  the  town  of  San  Borja,  from  whence  it  follows 
a  uniform  E.  course  of  nearly  4000  m.,  including  its  windings, 
till  it  reaches  the  Atlantic.  The  estimated  area  of  its  hasin  is 
2,500,000  sq.  m.,  or  more  than  a  third  part  of  South  America.  In 
some  places  it  has  a  great  depth :  it  is  navigable  by  its  tributary 
the  Yucayali  as  far  as  3600  m.  from  its  mouth,  where  it  is  96  m. 
wide. 

The  niunber,  length,  and  volume  of  the  tributaries  of  this  river 
are  in  proportion  to  its  magnitude ;  even  the  affluents  of  its  affluents 
are  noble  streams.  More  than  20  superb  rivers,  1000  m.  and  up- 
wards in  length,  pour  their  waters  into  the  Amazon,  and  streams  of 
less  importance  are  numberless.  The  chief  of  these  are  the  Huallaya, 
which  has  its  origin  near  the  mining  district  of  Pasco,  and,  after  a 
jS".  course  of  500  m.,  joins  the  Maraiion  in  the  plains;  it  is  almost 
a  mile  broad  above  its  junction.  The  Spanish  Governor  of  Pervt 
.sent  Pedro  de  Orsua  down  this  river  in  the  year  1560  to  search  for 
the  Lake  of  Parima  and  the  city  of  El  Dorado.  The  Yucayali,  one 
of  the  head  streams  of  the  Amazon,  is  considered  by  some  eminent 
geographers  to  be  the  trunli  stream  of  this  colossal  river  system. 
In  a  course  of  1200  m.  it  is  fed  by  tributaries  from  a  wide  extent 
of  country,  and  at  its  junction  with  the  main  stream,  near  the 
mission  of  San  Joaquim  de  Omaguas,  a  line  of  50  fathoms  does 
not  reach  the  bottom,  and  in  breadth  it  is  more  like  a  sea  than  a 
river.  By  this  stream  and  its  western  tributary,  the  Pachitea, 
there  is  access  to  S.  Peru  within  200  m.  of  Lima,  and  there  is 
communication  between  the  Amazon  and  the  most  distant  regions 
around  by  other  navigable  feeders.  It  is  only  throug-h  the  enterprise 
of  a  private  English  gentleman,  Mr.  W.  Ohandless,  that  anything 
has  been  made  known  of  the  rivers  that  empty  themselves  into  the 
Amazon  on  its  southern  bank,  between  the  Yucayali  and  the 
Madeira ;  one  of  the  principal  is  the  Purus,  a  noble  river,  1880  m. 
in  length ;  it  rises  in  the  forest  plains  E.  of  the  Yucayali,  at  an 
elevation  of  about  1100  ft.  only.  It  flows,  throughout  the  whole 
of  its  long  winding  course,  through  a  plain  of  extreme  fertility 
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covered  with  an  iminterrupted  forest,  and  is  navigable  bv  steamers 
for  about  1000  na  Tlie  Madeira,  which  is  the  greatek  affluent 
of  the  Amazon,  and  nearly  2000  m.  in  length,  rises  near  the  sources 
ot  the  I  araguay,  the  principal  tributary  of  the  Rio  de  la  Plata 
Ihe  Amazon  is  not  less  extensively  connected  on  the  N  The 
high  lauds  of  Colombia  are  accessible  by  the  Putumayo,  the  Japurd 
and  other  great  navigable  rivers;  the  Rio  Ne.qro\  several  miles 
broad  a  little  way  above  its  junction  with  the  Amazon,  connects  it 
with  the  Orinoco  by  the  Oassiquiare;  and  lastly,  the  sources  of  the 
Kio  J3ra,nco  approach  very  near  to  those  of  the  Essequibo,  an 
independent  river  of  Demerara. 

_  The  main  stream,  from  its  mouth  nearly  throughout  its  lenoih 
is  full  of  islands,  and  most  of  its  tributaries  have  deltas  at  their 
junction  with  it.  The  annual  floods  of  the  Amazon  are  less  regular 
than  those  of  the  Orinoco,  and,  as  the  two  rivers  are  on  opposite 
sides  of  the  equator,  they  occur  at  difi"erent  seasons.  The  Amazon 
begins  to  rise  in  November,  is  at  its  greatest  height  in  the  beginning 
of  Jime,  and  its  least  in  September  and  October.  The  Amazon 
separates  into  two  branches  at  its  mouth,  one  of  which  joins,  by 
several  long  and  very  narrow  channels,  the  Para  S.  of  the  island  of 
■Marajo  ;  the  other  enters  the  ocean  to  the  N.  of  it. 

The  water  of  some  of  the  rivers  in  equatorial  America  is  whitish ; 
in  others  it  is  of  a  deep  coffee  colour,  or  dark  green  when  seen  in 
the  shade,  but  perfectly  transparent,  and,  when  ruffled  by  a  breeze, 
of  a  vivid  green,  like  some  of  the  Swiss  lakes.  In  Scotland  the 
brown  waters  derive  then-  colour  from  peat  mosses ;  but  it  is  not 
so  in  America,  since  they  occiu-  as  often  in  forests  as  in  savannahs. 
Sir  Robert  Schomburgk  thinks  they  ai-e  coloured  by  ores  of  iron 
imbedded  in  the  granite  over  which  they  flow ;  however,  the  colour- 
ing matter  has  not  been  chemically  ascertained.  The  Orinoco  and 
the  Oassiquiare  are  milky ;  the  Rio  Negro,  as  its  name  implies,  is 
black,  yet  the  water  does  not  stain  the  rocks,  which  in  some  places 
are  of  a  dazzling  white. 

The  Hio  de  la  Plata  forms  the  third  great  river  system  of  South 
America.  The  Rio  Grande,  its  principal  stream,  rises  in  the  moun- 
tains of  Minas  Geraes,  in  Brazil,  and  rims  500  m.  on  the  table-land 
from  E.  to  S.W.  before  it  takes  the  name  of  Parana.  For  more 
than  1 00  m.  it  is  a  continued  series  of  cataracts  and  rapids,  the 
greatest  of  which,  the  Salto  Grande,  is  in  about  lat.  24°  6'.  Above 
the  fall  the  river  is  3  m.  broad,  when  all  at  once  it  is  contracted 
in  a  rocky  pass  only  60  yards  wide,  through  which  it  rushes  over 
a  ledge  with  thundering  noise,  heard  at  the  distance  of  many  miles. 
The  Parana  receives  three  large  rivers  on  the  right — the  Paraguay, 
the  Pilcomayo,  and  the  Vermejo ;  all  trend  to  the  S.E.,  and  unite 
at  diflerent  distances  before  entering  their  primary  at  Oorrientes- 
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The  Paraguay,  1200  m.  long,  is  the  largest  of  the  three ;  in  its 
upper  part  it  is  singularly  pictiu-esque,  adorned  with  palms  and 
other  tropical  vegetation;  its  islands  are  covered  with  orange 
groves.  It  springs  from  a  chain  of  seven  lakes,  on  the  S.  slopes  of 
the  Sierra  Pary,  in  Brazil,  and  may  be  ascended  by  vessels  of 
considerable  burthen  through  19°  of  latitude.  The  Pilcomayo  and 
Vermejo  both  come  from  Bolivia,  and  both  traverse  the  Gran 
Ohaco,  inhabited  by  savage  tribes  ;  the  former  joining  the  Paraguay 
opposite  Asuncion,  and  the  latter  near  Pillar.  The  Salaclo,  which 
runs  into  the  Parana,  might  be  rendered  navigable  as  far  as  the 
province  of  Salta ;  it  would  open  an  extensive  country  to  commerce. 
At  Rosario  the  Parana  turns  eastward  to  form  the  Plata  proper, 
and  before  entering  the  Atlantic^  is  augmented  by  the  Uruguay 
from  the  N. 

The  Rio  de  la  Plata  is  2700  m.  long,  and  for  200  m.  from  its 
mouth,  up  to  Buenos  Ayres,  it  is  more  like -a  great  sea  estuary 
than  a  river,  being  never  less  than  170  m.  broad.  Were  it  not 
for  the  freshness  of  its  water,  it  might  be  mistaken  for  the  ocean : 
it  is,  however,  shallow  and  loaded  with  mud,  which  discolours  the 
Atlantic  for  200  m.  from  its  mouth. 

The  Paraguay  is  subject  to  great  floods,  which  carry  destruction 
and  desolation  with  them.  The  atmosphere  at  times  is  poisoned 
by  the  putrid  carcases  of  drowned  animals  brought  down  by  it. 
The  ordinary  annual  inundations  of  the  Parana,  the  principal  or 
upper  branch  of  the  Plata,  cover  36,000  sq.  m. 

The  Colorado,  which  rims  in  a  long  shallow  stream  through  the 
Pampas  of  Buenos  Ayres,  is  formed  of  two  principal  branches,  one 
from  the  W.  and  the  other  from  the  N.,  which  unite  at  a  great 
distance  from  the  Atlantic,  into  which  the  river  flows. 

The  Rio  Neyro  rises  at  a  great  elevation  on  the  western  declivity 
of  the  Andes,  and  separates  the  Pampas  from  Patagonia.  In  its 
long  course  through  arid  deserts  to  the  Atlantic  it  does  not  receive 
a  single  tributary,  but  it  forms  a  communication  between  that 
ocean  and  Chile,  as  it  reaches  a  pass  in  tlie  Andes  that  is  free  from 
snow.  There  is  some  vegetation  in  its  immediate  neighbom-hood  ; 
it  has  a  bar  at  its  mouth,  and  is  navigable  only  for  4  m.  above 
Carmen ;  it  has  periodical  floods  twice  in  the  year,  one  produced 
by  the  rains,  the  other  by  the  melting  of  the  snow  in  the  Andes. 

There  are  various  rivers  in  South  America,  unconnected  with 
those  described,  which  in  any  other  country  would  be  esteemed  of 
a  high  order.  Of  many  which  descend  from  the  high  country  of 
Guiana,  the  Essequiho  is  the  largest ;  its  general  width  is  a  mile 
and  a  quarter  ;  its  water,  though  black,  is  clear  ;  and  on  its  banks, 
and  those  of  all  its  tributaries,  the  forest  reigns  in  impenetrable 
thickness.    It  rises  in  the  Sierra  Acaray,  which  separates  its  basin 
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from  that  of  the  Amazon,  aud,  after  a  northerly  course,  falls  into 
the  Atlantic  near  7°  N.  lat.  by  an  outlet  14  m.  broad,  separated 
by  three  low  islands  into  four  branches.  Sir  Robert  Schomburgk, 
whose  journeys  have  made  us  acquainted  with  a  country  of  which^so 
little  was  known,  has  shown  that,  by  cutting  a  canal  three  miles  long 
between  the  Madeira  and  the  Guapore,  an  affluent  of  the  Mamore, 
an  inland  navigation  might  be  opened  from  Demerara  to  Buenos 
Ayres,  over  an  extent  of  42°  of  latitude,  with  the  exception  of  a 
portage  of  only  800  yards  in  the  rainy  season  between  Lake  Amucu 
and  the  Quatata,  a  branch  of  the  Rupunimi,  which  flows  into  the 
Essequibo.  ^  'If,'  says  the  distinguished  traveller  already  men- 
tioned, '  British  Guiana  did  not  possess  the  fertility  which  is  such 
a  distinguishing  feature,  this  water  communication  alone  would 
render  it  of  vast  importance ;  but,  blessed  as  it  is  with  abundant 
fruit  fulness,  this  extensive  inland  navigation  heightens  its  value  as 
a  British  colony  ;  and,  if  emigration  sufficient  to  make  its  resources 
available  were  properly  directed  thither,  the  port  of  Demerara 
would  rival  any  in  the  vast  continent  of  South  America.'  It  is 
certainly  remarlrable  that  the  tide  of  emigration  has  never  set 
towards  a  country  of  such  promise,  abounding  in  valuable  natural 
productions,  and  so  much  nearer  to  Great  Britain  than  her  colonies 
in  the  Pacific. 

The  Para  and  Sao  Francisco  are  among  the  chief  rivers  of 
Brazil ;  and  both  rise  on  the  table-land ;  the  Para  is  formed  by  the 
Tocantins  and  numerous  other  rivers  flowing  from  the  S.  The 
Tocantins,  descending  from  the  highlands  in  rapids  in  its  northerly 
course,  after  running  1500  m.,  is  joined  by  the  southern  branch  of 
the  Ajnazon  before  entering  the  Atlantic  as  the  Para,  S.  of  the 
Island  of  Marajo.  The  Sao  Francisco  is  1814  m.  long  ;  it  rises  in 
the  Serra  da  Oanastra,  the  central  platform  of  the  province  of 
Minas  Geraes,  and,  after  running  northward  between  mountain 
ranges  parallel  to  the  coast,  it  breaks  through  them,  and  reaches 
the  ocean  about  10°  20'  S.  lat.  The  principal  stream  bm'sts  from 
the  gap  of  a  perpendicular  rock,  more  than  1000  ft.  high.  Its 
early  course,  when  it  is  little  more  than  a  mountain  torrent,  is 
eastward.  It  then  flows  N.,  with  the  Espinhafo  or  Mantiqueira 
range  on  the  E.,  and  the  Matta  da  Oorda  as  the  western  wall 
o  f  its  valley ;  at  the  end  of  its  com'se  its  direction  is  south  easterly. 
It  receives  several  tributaries,  the  chief  of  which  is  the  Rio  das 
Velhas,  in  whose  valley  are  the  principal  gold  mines  of  Minas  Geraes. 
Its  course  is  in  several  places  obstructed  by  rapids,  and  about 
180  m.  above  its  mouth  occur  the  Great  Rapids  and  Waterfall 
of  Paulo  Aflbnso,  which  have  been  visited  and  described  by  Captain 
Burton.  Above  and  below  the  fall  about  75  m.  are  unnavigable. 
Above  the  fall  occm-  the  rapids  of  the  Itaparica,  where  the  waters, 
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'  spuming  and  -whirling  from  the  prison  walls  of  iron,  rush  roaring 
into  one  another's  arms  ;  all  is  dark  and  liu-id  as  a  river  of  the 
"  Inferno."  '    The  Paulo  Affonso  is  very  grand.    At  the  principal 
cataract,  the  gorge  is  260  ft.  deep,  and  in  the  narrowest  part 
choked  to  a  minimum  breadth  of  61  ft.    The  height  of  the  Great 
Cataract  is  192  ft. ;  but  the  Paulo  Affonso  is  really  a  succession  of 
rapids  and  caldrons,  ending  in  a  mighty  fall,  whose  'thunder'  is 
heard  at  some  miles  distant.    The  fall  plunges  into  a  ravine,  whose 
black  sides,  from  670  to  250  ft.  high,  wall  in  the  stream  for  48  m. 
below  the  cataract.    The  river  is  navigable  for  steamers  fi'om 
Pirhanhas  to  its  mouth  below  the  city  of  Penedo.    The  river 
valley  is  very  fertile ;  '  here  the  sugar  cane  and  the  pine  apple 
may  be  seen  by  a  spectator,  standing  in  the  barley  field  and  the 
potato  patch.'    Cattle,  sheep,  and  goats  are  easily  reared  in  the 
uplands.    Silk  and  cotton  are  produced.    Of  minerals  are  found 
diamonds,  agates,  gold,  iron,  platinum,  lead,  mercury,  copper,  anti- 
mony, &c.,  and  many  building  stones.    Salt,  saltpetre,  sulphm-, 
and  alum  are  foimd  in  large  deposits.     All  the  vegetables  of 
temperate  -and  subtropical  regions  will  grow  in  the  valley;  and 
timber  and  dye  woods  are  abimdant.    The  country  is  very  tit  to 
receive  emigrants.    As  in  the  Appalachian  chain,  so  here,  many 
rivers  cross  the  edge  of  the  table-land  to  the  level  maritime  plains 
of  the  Atlantic. 

The  historical  renown  and  the  high  civilisation  of  Asia  and 
Europe,  their  great  wealth  and  population,  may  be  attributed  in 
a  very  great  degree  to  the  facility  of  ti-ansport  afforded  by  their 
admirable  river  systems,  and  still  more  to  the  genius  of  the  people 
who  knew  how  to  avail  themselves  of  them ;  the  same  may  be 
said  of  the  inhabitants  of  the  United  States  of  America — while  the 
Indians  of  both  the  American  continents,  who  have  possessed  these 
countries  for  ages,  never  took  advantage  of  the  noble  streams  with 
which  Providence  had  enriched  and  embellished  their  country,  it 
being  left  to  the  Anglo  Saxon  race  to  make  them  one  of  the  great 
sources  of  imparalleled  prosperity. 

§  4.  Rivers  of  Australia. — After  America,  the  land  of  the 
river  and  the  flood,  Australia  appears  in  more  than  its  usual  aridity. 
The  absence  of  large  perennial  rivers  is  one  of  the  greatest  impedi- 
ments to  the  improvement  of  this  continent. 

The  streams  from  the  mountains  on  the  eastern  side  of  the 
continent  are  mere  torrents,  and  would  have  short  courses  did  they 
not  run  in,  longitudinal  valleys  ;  the  Haivkesbury,  Clarence,  Bris- 
bane, Fitzroy,  and  Burdehin  are  the  largest  of  the  rivers  which 
empty  themselves  on  the  E.  coast. 

The  most  important  river  of  the  continent  flows  to  the  southern 
coast.    It  is  formed,  in  the  first  place,  of  the  Murrumbigee,  which 
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rises  among  the  S.E.  flanks  of  Mount  Murray  and,  running  N.  and 
W.,  meets  the  Kalare  or  Laclilan,  flowing  from  the  E.  After  their 
junction  they  run  into  the  Murray,  a  much  larger  stream,  though 
only  o50  It.  broad,  and  not  more  than  20  ft.  deep.  Lower  down 
the  Barling  enters  the  Murray,  and  is  the  largest  of  its  aflluents 
drammg  the  W.  declivity  of  the  mountains  of  South  Wales,  be- 
tween 26°  and  36°  S.  lat. ;  as  the  Lachlan,  the  Murrumbigee,  and  the 
Miu-ray  do  the  S.  portion  of  the  same  high  lands,  and  the  N. 
declivity  of  the  auriferous  region  of  the  colony  of  Victoria.  The 
breakers  at  the  mouth  of  the  Murray  are  dangerous,  but  may  be 
passed  in  fine  weather  in  a  good  steamer. 

The  Mim-ay  has  been  navigated  for  2660  m. ;  a  considerable 
distance  farther  will  probably  be  reached  thi-ough  some  of  its 
tnbutaries,  and  several  of  the  rivers  may  be  ascended  to  a  greater 
distance  than  was  supposed  to  be  possible. 

The  Macquarrie  is  one  of  the  principal  tributaries  of  the 
DarUng ;  after  nmning  300  m.  N.W.  it  passes  through  marshes, 
and  afterwards  enters  that  river.  In  its  upper  course  the  Darling 
is  called  the  Barwan.  In  addition  to  the  Oastlereagh,  the  Mac- 
quarrie, and  the  Bogau,  which  are  its  chief  tributaries  from  the  S., 
it  receives  from  the  N.  the  Ballone  and  the  Warrego. 

The  W.  slope  of  the  coast  range  N.  of  lat.  26°  S.  is  drained  by 
the  Thomson  with  its  tributary,  the  Barcoo  or  Victoria.  This 
river  has  a  course  of  about  600  m.  in  length,  and  finds  its  way  to 
Cooper's  Creek,  towards  which  certain  other  streams  or  creeks  also 
flow,  thus  forming  an  internal  continental  basin.  The  Paru 
Eiver,  between  the  Warrego  and  the  Thomson,  loses  itself  in  the 
sand.  None  of  the  rivers  which  drain  the  northern  part  of 
the  western  slope  of  the  eastern  range,  nor  the  southern  slope  of 
the  heights  which  encircle  the  Gulf  of  Carpentaria,  ever  reach 
the  sea. 

The  Blackwood,  Sioan,  Murchison,  Gascoyne,  Ashhurtmi, 
Fortescue,  and  De  Grey  drain  the  western  side  of  the  continent ; 
and  along  the  banks  of  some  of  these  are  fertile  grassy  plains. 
The  Victoria,  opening  into  Queen's  Channel,  in  N.W.  Australia, 
was  explored  by  Mr.  A.  C.  Gregory,  in  1856. 

The  streams  opening  into  the  Gulf  of  Carpentaria  are  inconsider- 
able in  length,  as  they  descend  only  from  the  semicircular  range  of 
hills  that  enclose  this  extensive  tropical  sea ;  the  Roper,  Albert, 
Flinders,  and  Mitchell  are  the  largest  of  these  rivers.  The  want 
of  water  makes  it  difficult  to  explore  the  interior  of  this  con- 
tinent. It  appears  that  in  certain  groups  of  years  there  are  great 
falls  of  rain  over  large  portion?  of  the  plains,  which  become  satu- 
rated vdth  water  :  lakes  are  formed  and  temporary  streams ;  what 
is  not  evaporated  sinks  into  the  earth,  and  may  supply  artesian 
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■wells.  Stuart  found,  in  his  journeys  N.  from  Adelaide,  that  he 
could  frequently  obtain  water  by  digging.  Then  years  succeed  in 
-which  no  rain  falls.  Wherever  there  is  moisture  there  is  fertility, 
so  in  the  central  arid  part  of  the  interior  there  are  productive  oases 
alternating  with  unproductive  tracts,  and  the  most  recent  explora- 
tions have  shown  that  the  interior  of  Australia  possesses  much 
more  water  than  the  early  travellers  reported. 


CHAPTER  XXII. 

LAKES. 

§  1.  General  description  Of  Xiakes. — The  hollows  fomied  on 
the  surface  of  the  earth  by  the  ground  sinking  or  rising,  by  earth- 
quakes, craters  of  extinct  volcanoes,  the  intersection  of  strata,  and 
by  ancient  glaciers,  are  generally  filled  with  water,  and  constitute 
systems  of  lakes,  some  salt  and  some  fresh.  Many  of  the  former 
may  be  remnants  of  an  ancient  ocean,  left  in  the  depressions  of  its 
bed  as  the  waters  retired  when  the  continents  were  raised  above  its 
surface. 

Many  lakes  are  fed  by  springs  rising  at  the  bottom,  and  they 
are  occasionally  the  soiu-ces  of  the  largest  rivers.  Some  have 
neither  tributaries  nor  outlets;  the  greater  number  have  both. 
The  quantity  of  water  in  lakes  varies  vsdth  the  seasons  everj^here, 
especially  from  the  melting  snow  on  moimtain  chains,  and  in  high 
latitudes,  and  from  periodical  rains  between  the  tropics.  Small 
lakes  occur  in  mountain  passes,  formed  by  water  which  runs  into 
them  from  the  surrounding  peaks ;  they  are  frequently,  as  in  the 
Alps,  very  transparent,  of  a  bright  green  or  azure  hue.  Large  lakes 
are  common  on  table-lands,  and  in  the  valleys  of  mountainous 
countries,  but  the  largest  are  on  extensive  plains.  The  basin  of  a 
lake  comprehends  all  the  land  drained  by  it ;  consequently  it  is 
bounded  by  an  imaginary  line  passing  through  the  sources  of  all  the 
the  waters  that  fall  into  it. 

§  2.  European  Iiakes. — There  are  more  lakes  in  high  than 
low  latitudes,  because  evaporation  is  much  greater  in  low  latitudes 
than  in  high,  and  in  this  respect  there  is  a  great  analogy  between  the 
northern  plains  of  the  two  principal  continents.  Sheets  of  water  of 
great  beauty  occur  in  the  mountain  valleys  of  the  British  Islands, 
of  Norway  and  Sweden,  coimtries  similar  in  geological  structure  ; 
and  besides  these  there  are  two  regions  in  the  Old  World  in  which 
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lalcea  particularly  abound.  One  begins  on  the  low  coast  of 
Holland,  encircles  the  southern  and  eastern  sides  of  the  Baltic, 
often  passing  close  to  its  shores,  along  the  Gulf  of  Bothnia,  and 
from  thence  through  the  Siberian  plains  to  Behring  Strait.  The 
lakes  which  cover  so  much  of  Finland  and  the  great  lakes  of 
Ladoga  and  Onega  lie  in  a  ]^)arallel  direction  ;  they  occupy  trans- 
verse rents  which  had  taken  place  across  the  pala3ozoic  strata,  while 
rising  in  a  directiou  from  S.  W.  to  N.E.,  between  the  Gulf  of  Fin- 
laud  and  the  White  Sea ;  that  elevation  was,  perhaps,  the  cause  of 
the  cavities  now  occupied  by  these  two  seas.  Ladoga  is  the 
largest  lake  in  this  zone,  having  a  surface  of  7151  sq.  m.  It  re- 
ceives tributary  streams,  and  sends  oif  its  superfluous  water  by 
rivers ;  and  Onega  does  the  same ;  but  the  multitude  of  small 
steppe  lakes  among  the  Ural  Mountains  and  in  the  basin  of  the 
River  Ob  neither  receive  nor  emit  rivers,  being  for  the  most  part 
mere  ponds,  though  of  great  size,  some  of  fresh  and  some  of  salt 
water,  lying  close  together — a  circumstance  which  has  not  been 
accounted  for :  those  on  the  low  Siberian  plains  have  the  same 
character. 

In  the  Pyrenees  lakes  are  most  frequent  on  the  French  side  ; 
many  are  at  such  altitudes  as  to  be  perpetually  frozen ;  one  on 
Mont  Perdu,  8393  ft.  above  the  sqa,  has  the  appearance  of  an 
ancient  volcanic  crater.  There  is  scarcely  a  vaUey  in  the  Alpine 
range  and  its  offsets  that  has  not  a  sheet  of  water  filling  cavities 
formed  during  the  elevation  of  the  ridges  by  subsidence  of  the 
soil  and  afterwards  scooped  out  by  glaciers  :  Lake  Truh,  7200  ft. 
above  the  level  of  the  sea,  is  the  most  elevated.  Lakes  are  more 
numerous  on  the  N.  than  on  the  S.  of  the  Alps — the  German 
valleys  are  full  of  them.  In  Bohemia,  Gallicia,  and  Moravia 
there  are  no  less  than  30,000  sheets  of  water,  besides  luimerous 
others  in  Austria  proper. 

Of  the  principal  lakes  on  the  N.  side  of  the  Alps,  the  Lake  of 
Geneva,  or  Lake  Leman,  is  the  largest  and  most  beautiful,  fi'om 
its  situation,  the  pure  azure  of  the  waters,  and  the  sublime  moun- 
tain scenery  that  sm'rounds  it.  Its  surface,  of  about  221  sq.  m.,  is 
1230  ft.  above  the  sea,  and  near  MeiUerie  it  is  1012  ft.  deep.  The 
Lake  of  Lucerne  is  1433  ft.  above  the  sea,  and  the  Lake  of  Brienz 
1850  ft.  The  Italian  lakes  are  at  a  lower  level ;  the  Lago  Maggiore 
has  only  697  ft.  of  altitude :  the  Lake  of  Como,  697  ft.  ;  and  the 
Lake  of  Garda,  227  ft. ;  they  are  larger  than  most  of  those  on  the 
N.  of  the  Alps,  and,  with  the  advantage  of  an  Italian  climate,  sky, 
and  vegetation,  they  surpass  the  others  in  beauty,  though  the 
mountains  that  surround  them  are  less  lofty. ^ 


1  It  appears  tlmt  most  of  the  Swiss  lakes,  and  some  of  the  Italian,  Lad 
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These  great  lakes  are  fed  hj  rivers  rising  in  the  glaciers  of 
the  higher  Alps,  and  many  large  rivers  issue  from  them.  In  this 
respect  they  differ  from  most  of  the  lakes  in  Central  and  Southern 
Italy,  some  of  which  are  craters  of  ancient  volcanoes,  or  perhaps 
ancient  craters  of  elevation,  where  the  earth  had  been  swelled  up 
by  subterranean  vapom-  without  bursting,  and  had  sunk  down 
again  into  a  hollow  when  the  internal  pressure  was  removed.^ 

§  3.  Asiatic  Iiakes. — In  Syria,  the  LaJce  of  Tiberias,  and  the 
Dead  Sea,  memorials  sacred  to  the  Christian  world,  are  situated 
in  the  deepest  depression  on-  the  earth's  siu'face,  th.e  bottom  of  the 
latter  being  2606  ft.  below  the  level  of  the  ocean.  The  surface  of 
Lake  Tiberias  is  620  ft.  below  that  of  the  Mediterranean,  surrounded 
by  verdant  plains ;  while  the  dense  bitter  waters  of  the  Dead  Sea, 
forming  an  expanse  42  m.  long  and  from  12  to  16  m.  wide,  1298  ft. 
below  the  Mediterranean,  lie  in  a  scene  of  great  desolation  and 
solitude,  encompassed  by  desert  sands,  and  bleak,  stony  salt  hills. 
Thus  there  is  a  difference  of  level  of  678  ft.  in  little  more  than  60 
m.,  which  renders  the  current  of  the  Jordan  very  rapid.  The 
water  of  the  Dead  Sea  is  so  acrid,  from  the  large  proportion  of 
saline  matter  it  contains,  that  it  irritates  the  skin;  it  is  more 
buoyant,  and  has  a  greater  proportion  of  salt,  than  any  that  is 
known  except  the  small  Lake  Elton,  E.  of  the  Volga.  '  The  salt 
mountain  of  Jebel  Usdum  is  the  most  interesting  phenomenon 
about  the  lake — a  long  mass  of  rock  salt,  about  7  m.  long,  and  from 
1|  to  3  m.  wide,  several  himdred  ft.  high,  capped  along  its  jagged 
top  by  a  mass  of  gypsimi  and  marl,  extending  S.  from  the  S.W. 
corner  of  the  lake.  Through  this  salt  mountain  several  streams 
percolate,  continually  bearing  additional  solutions  of  salt  into  the 
bitter  and  almost  saturated  waters.  The  water  of  the  lake,  where 
saltest,  contains  28  parts  of  solid  salt  to  72  of  water,  but  it  varies 
mucb  in  different  parts,  owing  to  the  inflow  of  fresb  water.'  ^  The 


been  inhabited  by  a  primitive  race  of  manliind  of  M^Iiich  no  record  remains 
who  built  their  huts  upon  stakes  driven  into  the  bottom  of  the  lake,  and 
thus  lived  on  the  surface  of  the  water,  probably  as  a  refuge  from  enemies 
on  land.  Those  stakes  that  are  below  the  surface  of  the  water  were  lono- 
known  to  tlie  fishermen,  who  avoided  them  as  destructive  to  their  nets' 
but  of  late  they  liave  excited  much  interest  on  account  of  the  numerous 
implements  that  have  been  found  by  excavating  between  the  stakes.  The 
custom  is  now  followed  by  some  tribes  in  the  Pacific  Islands,  and  on  manj- 
parts  of  the  Kiver  Zambesi  the  Africans  build  their  huts  on  stakes  20  ft.  above 
the  ground,  that  in  the  rainy  season  they  may  not  be  endangered  by  the 
floods,  which  are  constant  and  sudden.  During  this  time  it  is  not  unusual 
for  a  native  to  indulge  in  the  luxury  of  fishing  out  of  his  bed.  In  1855 
thousands  of  the  natives  were  drowned  by  the  river  rising  higher  than  usual 

1  The  Lakes  of  Perugia,  or  Thrasymeiie,  and  Fucino  are  exceptions 

2  Tristram's  '  Natural  History  of  the  Bible.' 
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LakeofAssal,  in  the  Somali  country,  nearly  opposite  to  Aden, 
resembles  tlie  Syrian  lakes  in  many  respects ;  its  surface  is  600  ft. 
below  the  sea  level,  and  its  area  is  40  sq.  m.  Separated  from  the 
ocean  by  a  barrier  of  lava,  it  probably  owes  its  formation,  like  the 
Dead  Sea,  to  a  barrier  raised  by  volcanic  agency  between  it  and 
the  Red  Sea  at  a  comparatively  recent  period. 

Though  extensive  sheets  of  water  exist  in  many  parts  of  Asia 
Minor,  especially  in  Bithynia,  yet  the  characteristic  feature  of  the 
country,  and  of  all  the  table-land  of  Western  Asia  and  the  adjacent 
steppes,  is  the  number  and  magnitude  of  the  saline  lakes.  A  region 
of  salt  lakes  and  marshes  extends  at  least  200  m.  along  the  N. 
foot  of  the  Taurus  range,  on  a  very  elevated  part  of  the  table-land 
of  AnatoKa.  There  are  also  many  detached  lakes,  some  exceedingly 
saline.  Fish  cannot  live  in  the  Lake  of  Toozla,  which  is  shallow 
and  subject  to  excessive  evaporation.  Neither  can  any  animal  exist 
in  the  Lake  of  Shahee  or  Urumiah,  on  the  confines  of  Persia  and 
Armenia,  1730  sq.  m.  in  area ;  its  water  is  perfectly  clear,  and 
contains  a  fom*th  part  of  its  weight  of  saline  matter.  These  lakes 
are  fed  by  springs,  rain,  and  melted  snow,  and  having  no  outlets 
the  surplus  water  is  carried  off  by  evaporation. 

It  is  possible  that  the  volcanic  soil  of  the  table-land  may  be  the 
cause  of  this  exuberance  of  salt  water.  Lake  Van,  a  sheet  of 
salt  water,  1413  sq.  m.  in  area,  is  separated  from  the  equally 
salt  Lake  Urumiah  onlj^  by  a  low  range  of  hills ;  there  are  many 
pieces  of  fresh  water  in  that  neighbourhood,  possibly  in  similar 
hollows. 

Persia  is  singularly  destitute  of  water ;  the  Lahe  Seistan,  or 
Hamoon  Swamp,  on  the  frontiers  and  in  Afghanistan,  having  an 
area  of  3000  sq.  m.,  is  the  only  piece  of  water  on  the  western  part 
of  the  table-land  of  Iran. 

It  is  evident  from  the  saline  nature  of  the  soil  and  the  shells  it 
contains,  that  the  plains  around  the  Caspian,  Lake  Aral,  and  the 
steppes,  even  to  the  Ural  Mountains,  had  once  formed  part  of  the 
Black  Sea ;  82,000  sq.  m.  of  that  country  are  depressed  below 
the  level  of  the  ocean — a  depression  which  extends  northwards 
beyond  the  town  of  Saratov,  300  m.  distant  from  the  Caspian. 
Sir  Roderick  I.  Murchison  was  of  opinion  that  the  great  areas  of 
land  which  smTound  the  present  Caspian,  and  which  now  separate 
it  from  Lake  Aral,  have  been  elevated  into  their  present  positions 
from  a  former  great  interior  depression  on  the  earth's  surface.  The 
surface  of  the  Caspian  itself,  which  is  80  ft.  below  the  level  of  the 
ocean,  is  its  lowest  part,  and  has  an  area  of  178,866  sq.  m.,  nearly 
equal  to  that  of  Great  Britain  and  Ireland.  In  Europe  alone  the 
Caspian  drains  an  extent  of  850,000  sq.  m.,  receiving  the  Volga, 
the  Ural,  and  other  great  rivers,  on  the  N.    It  has  no  tide,  and  its 
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navig-atiou  is  dangerous  from  heavy  gales,  especially  from  the  S.E., 
vrhich  drive  the  water  miles  over  the  land :  a  vessel  has  heeu 
stranded  46  m.  inland  from  the  shore.  It  is  300  ft.  deep  in  the 
centre,  but  is  shallower  to  the  E.,  where  it  contains  several  islands, 
and  where  it  is  bounded  by  impassable  swamps  many  miles  broad. 
It  is  less  salt  than  the  ocean.  Lake  Elton,  20  ft.  below  the  level  of 
the  sea,  on  the  steppe  E.  of  the  Volga,  has  an  area  of  78  sq.  m., 
and  furnishes  two  thirds  of  the  salt  consumed  in  Eussia.  Its  water 
yields  29-13  per  cent,  of  saline  matter,  and  from  this  circumstance 
is  more  buoyant  than  any  other  hnown.^ 

Lake  Aral,  which  is  shallow,  is  243  ft.  higher  than  the  Caspian 
and  has  an  area  of  26,940  sq.  m. :  it  has  its  name  from  the  number 
of  small  islands  at  its  southern  end,  Aral  signifying  '  isla-nd  '  in 
the  Tartar  language.  Neither  the  Caspian  nor  Lake  Aral  has  any 
outlets,  though  they  receive  large  rivers ;  they  are  salt,  and  in 
common  with  all  the  lakes  in  Persia,  are  decreasing  in  extent  and 
becoming  Salter,  the  quantity  of  water  supplied  by  tributaries 
being  less  than  that  lost  by  evaporation.  Most  of  the  rivers  that 
run  into  Laks  Aral  are  diminished  by  canals,  that  carry  off  water 
for  irrigation ;  for  that  reason  a  very  small  portion  of  the  waters 
of  the  Oxus  reaches  the  lake.  Besides,  the  Russian  rivers  yield  le«8 
water  than  formerly  from  the  progress  of  cultivation.  The  small 
mountam  lake  Siri  Kul,  in  the  high  table-land  of  Pamir,  from 
whence  the  Oxus  flows  is  15,600  ft.  above  the  sea;  consequently 
17000  it  ^'^'^  ^'^"^^"^     ^^^^       Dead  Sea  of  nearly 

The  small  number  of  lakes  in  the  Southern  Himalayas  is  one 
ot  the  peculiarities  of  these  mountains.  There  are,  however 
many  great  lakes,  both  fresh  and  salt,  on  the  plateau  of  Tibet  •  the 
annular  foi-m  of  i«7..  Yamclok  Cho,  N.  of  the  S.  Himalavas  i^  un- 
exampled ;  It  IS  45  m.  round,  but  only  2  or  3  wide.  Within  its 
circmt  IS  a  large  island  with  hills  of  2000  or  3000  ft.  above  its 
surface.    Its  waters  are  said  to  be  sweet.    The  sacred  lakes  of 

/TT:Z  '"'^  ^  Tibet,  occupy  a  space 

of  about  720  sq.  m   between  the  gigantic  peaks  of  Gurla  on  the  S 

it  iT..  °"  •         '        '^-"^  -^^terly  of  Ze  lakes 

tha  the  Sutlej  nses,  at  an  elevation  of  15,260  ft.  above  the  leve 

N  E  af/N  wTm^'"'.  r'  ^^^^S'  respectively  to  ^h 

14,/OO.i^.,  the  latter  somewhat  higher,  are  the  remaining  principal 
akes  between  the  Brahmaputra  and  the  S.  Himalayas^  ^From  2 
to  o  degi-ees  N.  of  the  Brahmaputra,  and  running  in  the  nmin 
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parallel  with  it,  lies  the  vast  lacustrine  Plateau  of  Tibet,  stretchinfr 
S.E.  and  N.W.  between  the  parallels  30°  and  34°  N,  lat.  This 
plateau  was  traversed  in  1874  and  1875  by  the  Pundit  Nain 
Sing,  one  of  Colonel  Montgomerie's  native  explorers,  and  found 
to  embrace  a  long  chain  of  lakes,  of  which  Tmgri  Nur,  or  Namc/io, 
Kyaring  Cho,  Chikul  Cho,  Bum/  CJio,  and  Damjra  Yum  Cho  are 
chief.  All  these'  lakes,  except  Tengi-i  Nm-,  are  new  to  geographers. 
They  lie  at  great  elevations,  but  are  well  stocked  with  fish.  Teiu/ri 
Nur,  or  Namcho,  has  an  area  of  720  sq.  m.,  and  lies  at  an  ele- 
vation of  16,190  ft.  On  the  S.  it  is  flanked  by  the  Ninjin-thangla 
range,  which  is  very  high,  runs  more  than  150  m.  towards  the 
N.E.,  and  culminates  in  the  great  peak  of  Jung  Ninjin-thangld 
(upwards  of  25,000  ft.).  It  is  considered  a  sacred  lake,  and  has 
several  Buddhist  monasteries  on  its  shores,  which  are  visited  by 
large  numbers  of  pilgrims.  The  Koho  Nur  and  Lake  Lop  are  large, 
the  former  having  an  area  of  900  sq.  m.,  the  latter  an  area  of  700 
sq.  m.,  and  there  are  others  not  inferior  to  these  in  the  N.  The 
lakes  in  the  -Altai'  Mountains  are  large  and  beautiful.  Thev 
are  at  different  elevations  on  the  terraces  by  which  the  table-land 
descends  to  the  plains  of  Siberia,  and  are,  owing  to  geological 
phenomena,  essentially  different  from  those  which  have  produced 
the  Caspian  and  other  steppe  lakes.  They  seem  to  have  been 
hollows  formed  where  the  axes  of  the  different  branches  of  the  chain 
cross,  and  are  most  numerous  and  deepest  in  the  eastern  Altai'. 
Baikal,  the  largest  mountain  lake,  supposed  to  owe  its  origin  to 
the  sinking  of  the  ground  during  an  earthquake,  has  an  area  of 
•13,300  sq.  m.,  nearly  equal  to  the  half  of  Scotland.  It  lies  buried 
in  the  form  of  a  crescent,  amid  lofty  'granite  mountains,  which 
constitute  the  edge  of  the  table-land  to  the  S.,  ending  in  the 
Desert  of  Gobi  •,  in  the  N.W.  the  hills  gird  the  shore  so  closely 
that  they  dip  ino  the  water  in  many  places  :  160  rivers  and 
streams  fall  into  this  lake,  which  drains  a  country  probably  twice 
the  area  of  Britain.  The  River  Angara,  which  runs  deep  and  strong 
through  a  crevice  at  its  eastern  end,  is  its  principal  outlet,  and 
is  supposed  to  carry  olF  but  a  small  proportion  of  its  water.  Its 
surface  is  1280  ft.  above  the  sea  level,  and  the  climate  is  as  severe 
as  it  is  in  Europe  10°  farther  N. ;  yet  the  lake  does  not  freeze 
till  the  middle  of  Decem'ber,  possibly  from  its  depth,  being  un- 
fathomable in  some  places  with  a  line  of  600  ft. 

Lake  Sa'isan  Nor  spreads  itself  out  in  a  broad  and  elevated 
valley,  ^surrounded  by  mountain  ranges  on  three  of  its  sides  ;  the 
Altai  on  the  RK.,  the  Kolbinsk  on  the  N.^\''.,  and  the  Tarbagatai 
range  on  the  S.  side.  The  waters  of  the  lake  are  transparent, 
soft,  good  for  cooking  purposes,  and  abound  in  fish.  The  lake  is 
frozen  over  from  November  to  May,  and  its  level  rises  during  June 
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find  July  on  account  of  the  swelling  of  the  Black  Irtysh,  wliich 
flows  into  it  from  the  E.  The  shores  of  the  lake  are  marshy  and 
overgrown  with  reeds.  Besides  the  Black  Irtysh,  which  has  a 
length  of  466  m.,  it  receives  more  than  10  streams  of  considerable 
size.  The  White  or  Lower  Irtysh  flows  out  of  the  lalce  at  the 
N.W.  extremity,  and  is  a  deeper  and  fidler  river  than  the  Black 
Irtysh.  The  course  of  the  latter  is  interrupted  by  falls  and 
cataracts. 

§  4.  African  lakes.— Verv  extensive  lakes  occur  in  Africa 
In  lat.  21°  S.  and  E.  long.  23°  20'  is  situated  LaT,e  Nqami,  which 
lies  m  the  Kalahari  Desert  at  an  elevation  of  2930  ft.  above  the 
sea,  and  has  an  area  of  300  sq.  m.    It  receives  the  Tioo-e  River 
from  the  N.W.,  but  has  no  outlet.    The  Zouga  River  comes  from 
the  salt  lagoons,  which  lie  to  the  S.E.  of  the  lake,  a  circumstance 
whicn  has  given  rise  to  the  belief  that  the  region  is  the  old  bed  of 
a  more  extensive  lacustrine  basin.    Abyssinia  has  the  lar^re  and 
beautiful  Lake  of  Demhea,  or  Tsmia,  situated  in  a  spacious  plain— 
the  granary  of  the  country— so  high  above  the  sea  (6097  ft.)  that 
spring  IS  perpetual,  though  within  the  tropics,  and  coverino-  an 
area  of  1200  sq.  m.    There  are  many  other  lakes  in  this  o^eat 
projecting  promontory,  so  full  of  rivers,  mountains,  and  forests, 
mc  udmg  the  picturesque  Lake  AsJumgi,  8006  ft.  above  the  '.ea 
embosomed  in  mountains,  on  the  eastern  edge  of  the  plateau.  Due 
^  .  of  this,  near  the  centre  of  the  broad  northern  portion  of  the 
continent,  is  Lake  C7iad,  which  lies  at  an  elevation  of  830  ft  and 
extends  over  an  area  of  14,600  sq.  m.    It  receives  the  great  River 
Shan  from  the  S.E.,  and  the  Komadugu  from  the  W.    It  has  no 
outlet,  but  sends  off  its  surplus  waters  by  evaporation.  Other 
akes  of  less  magnitude  are  known  to  exist  in  these  regions,  and 
here  are  probably  many  more  that  are  unkno^^•n.    Salt  Cer 
lakes  are  numerous  on  the  northern  boundaries  of  the  great 
owland  desert.^  and  many  fine  sheets  of  fresh  water  are  found  n 
the  valleys  and  flat  terraces  of  the  Great  and  Little  Atlas 

It  13  however,  in  the  equatorial  part  of  the  African  interior 
where  the  largest  of  these  sheets  of  inland  water  are  found  ai  I  it 
IS  to  the  enterprise  of  English  travellers  durino-  the  last  25  vl  ! 
that  we  owe  all  that  is  known  about  them.  The  most  southerof 
these  g..eat  lakes  is  2,yassa,  discovered  by  Dr.  uZX^l:^!^^ 
I   lies  in  a  deep  valley,  trending  N.  and  S.,  flanked"  by  mountat 

ScfS'  IZllTl  'nIT'     12'^00ft.high,Ld  dSSn 
nbl^Qmn  T^'  ^«  ^l^oiit  360  m.,  its  area 

t^lTZ  ^f  tr''7  -ters'are  clea, 

veiy  aeep,  and  of  a  dark  blue  colour,  and  abound  in  fish     In  +\.L 

dry  season  (July  to  December)  the  kK^^rlT^^C^Z-^  '^' 
digious  force  up  the  lake,  creating  heavy  waves  a^id  makbgTt; 


292 


PHYSICAL  GEOGRAPHY. 


Chap.  XXII. 


navigation  dangerous.  A  steamer  was  launched  on  the  lake  in 
Octoher  1875  by  Mr.  E.  D.  Young,  the  leader  of  the  '  Livingstonia 
Mission  '  to  Lake  Nyassa.  During  the  course  of  a  month's  cruise 
Mr.  Young  found  that  the  lake  was  much  larger  than  Dr.  Living- 
stone had  conjectured,  and  that  it  extended  N.  to  lat.  9°  20'  S.^ 
Lofty  rock}'  headlands  diversify  the  shore  scenery,  and  between 
them  are  lovely  bays,  fringed  with  sandy  beaches.  The  lake 
receives  the  drainage  of  the  surrovmding  mountain  slopes,  and  has 
outlets  at  the  Shire,  a  tributary  of  the  Zambesi  at  the  S.  end,  and 
the  Eevoma  at  the  N.  end.  About  260  m.  to  the  N.W.  of  Nyassa 
lies  Lake  Tanganyika,  discovered  by  Captains  Bui-ton  and  Spelve  in 
1858.  It  lies  in  a  deep  valley  400  m.  long,  extending  from  N.W. 
to  S.E.,  has  an  elevation  of  2710  ft.,  and  is  hemmed  in  by  high- 
lands. It  extends  over  an  area  of  12,600  sq.  m.  In  1867-8  Dr. 
Livingstone  discovered  a  chain  of  smaller  lakes  to  the  S.W.  and 
W.  of  Tanganyika,  viz.  Banyxoeolo  or  Bemba,  Moero,  and  Ulevc/e  or 
Kamolondo,  now  called  Lanji,  which  are  expansions  of  the  River 
Chambeze — called  between  the  two  S.  lakes  Luapula,  and  N.  of 
Moero,  Lualaba.  Lieut.  Cameron,  however,  who  visited  this  region 
in  1874,  says  that  the  true  Lualaba  is  a  river  rising  to  the  S.W.  of 
Lake  Bangweolo,  which,  after  expanding  into  another  series  of 
lalves — viz.  Lohemha,  Kassali,  Koivamha — lying  W.  of  Livingstone's 
chain,  joins  Livingstone's  Lualaba  near  Lake  Ulenge.^  Cameron 
also  gives  the  Luvwa  as  the  proper  name  of  the  river  which  flows 
between  the  Lakes  Moero  and  Uleuge.  N.  of  Tang-anyika  lies  the 
vast  expanse  of  Albert  Nyanza,  discovered  by  Sir  Samuel  Baker 
in  1864.  At  the  point  where  the  travellers  first  beheld  this  enor- 
mous sheet  of  water,  from  a  high  cliff  on  its  E.  shore,  it  appeared 
to  be  about  60  m.  wide :  while  farther  S.  it  was  evidently  broader. 
M.  Gessi,  a  member  of  Col.  Gordon's  party,  has  recently  (1876) 
circumnavigated  the  lake,  and  found  it  to  be  140  m.  long  and  50 
m.  broad.  Dense  forests  clothe  its  banks,  and  high  mountains  skirt 
its  W.  side.  Its  S.  end  is  very  shallow.  The  Nile  issues  from  its 
N.  end,  and  within  30  m.  of  the  outlet  the  Albert  receives  the 
drainage  of  the  Victoria  Nyanza  of  Speke,  the  S.  end  of  which  he 
discovered  in  1858,  and  which  he  again  saw  in  1862,  when  he  Avas 
accompanied  by  Captain  Grant.  It  lies  at  an  elevation  of  3800  ft. 
above  the  sea  level,  has  an  area  of  about  2800  sq.  m.,  and  sends 
its  surplus  waters  N.W.  into  the  Albert  Nyanza  by  a  river  upwards 
of  200  m.  in  length,  flowing  in  the  latter  part  of  its  course  with 
oreat  rapidity,  and  finally  leaping  in  a  magnificent  cascade  to  the 


1  See  the  '  Gcograplucal  Magazine,'  June  187(5. 

2  '  Proceedings  of  Koyal  Geographical  Society,'  February  1876. 


CiiAP.  XXII. 


AFEICAN  LAKES. 


293 


level  of  the  Albert,  a  few  miles  above  its  junction  with  the  lake. 
Thus  it  appears  that  in  the  centre  of  the  torrid  zone  of  the  most 
torrid  of  continents,  a  system  of  fresh  water  lakes  exists,  little 
inferior  to  that  of  the  Laurentian  lakes  of  North  America,  hitherto 
considered  by  far  the  largest  on  the  globe.  Being  siu-rounded  by 
healthy  highlands  and  fertile  plateaux,  and  rendered  accessible  by 
the  Nile,  they  afford  imexpectedly  means  of  opening  up  and  de- 
veloping the  resources  of  the  vast  interior  of  the  African  continent. 

§  5.  American  Xiakes. — ^A  very  large  portion  of  North 
America  is  covered  with  fresh  water ;  the  five  principal  lakes — 
Superior,  Hm-on,  Michigan,  Erie,  and  Ontario — with  some  of  their 
dependents,  cover  an  area  of  about  94,000  sq.  m. ;  that  of  Lake 
Superior  alone,  32,000  sq.  m.,  which  is  only  1800  sq.  m.  less  than  the 
whole  of  England.  Previous  to  the  discovery  of  the  lakes  of  equa- 
torial Africa,  the  American  lakes  were  held  to  contain  two  tMrds 
of  aU  the  fresh  water  deposits  on  the  globe.  The  altitude  of  these 
lakes  shows  the  slope  of  the  continent;  the  elevation  of  Lake 
Superior  is  627  ft.  ;  of  Lake  Huron  578  ft.  ;  of  Lake  Erie,  565  ft. ; 
and  of  Lake  Ontario,  231  ft.  The  River  Niagara,  which  imites  the- 
two  last  named  lakes,  is  33^  m.  long,  and  in  that  distance  it  de- 
scends from  the  height  of  565  ft.  to  that  of  232  ft.  above  the  sea 
level ;  but  the  upper  part  of  its  course  is  navigable.  The  height 
of  the  cascade  of  Niagara  is  162  ft.  on  the  American  side  of  the 
central  island,  and  1125  ft.  wide.  On  the  Canadian  side  the  fall 
is  149  ft.  high,  and  2100  ft.  wide— a  magnificent  sheet  of  falling 
water,  second  only  to  that  which  goes  over  the  falls  of  the  Zambesi. 
The  Eiver  St.  Lawrence,  which  drains  the  whole,  slopes  234  ft. 
between  the  bottom  of  the  cascade  and  the  sea.  The  bottom  of 
Lake  Superior  is  300  ft.,  and  that  of  Ontario  268  ft.,  below  the 
surface  of  the  Atlantic,  affording  another  instance  of  deep  indenta- 
tion in  the  solid  matter  of  the  globe.  Some  lakes  are  decreasing  in 
mag-nitude,  though  the  contrary  seems  to  be  the  case  in  America  ; 
between  the  years  1825  and  1838  Ontario  rose  nearly  7  ft. ;  and, 
according  to  the  American  engineers.  Lake  Erie  had  gained  several 
feet  in  the  same  time.  Lake  BLiu-on  is  said  to  be  the  focus  of 
peculiar  electrical  phenomena,  as  thunder  is  constantly  heard  in 
one  of  its  bays,  The  lakes  N.  of  this  group  are  innumerable  ;  the 
whole  country,  to  the  Arctic  Ocean,  is  covered  with  sheets  of 
water.  Lake  Winnipeg,  Reindeer  Lake,  Slave  Lake,  and  some 
others,  may  be  regarded  as  the  chief  members  of  separate  groups  or 
basms,  each  embracing  a  wide  extent  of  almost  unexplored  country. 
There  are  also  many  lakes  on  eacb  side  of  the  Rocky  Mountains  : 
one  of  the  most  remarlcable  is  the  Great  Salt  Lake,  on  the  plateau 
of  the  Great  Basin  between  the  Wahsatch  and  the  Humboldt 
ranges,  whose  surface  has  an  elevation  of  4210  ft.  above  the  level 
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of  the  sea  ;  it  has  several  islands,  its  waters  contain  22  per  cent,  of 
salts,  chiefly  muriate  of  soda,  and  its  area  is  1630  sq.  m. :  the 
neighbouring  Lake  of  Utah  (4790  ft.)  is  fresh,  and  empties  itself 
into  the  Great  Salt  Lake  hy  a  river  called  the  Jordan.  In  Mexico 
there  are  6  or  7  lakes  of  considerable  size,  though  not  to  be  com- 
pared with  those  in  JS'orth  America. 

There  are  many  sheets  of  water  in  Central  America,  though  only 
one  is  of  any  magnitude,  the  Lake  of  Nicaragua,  in  the  province  of 
that  name,  about  100  m.  from  the  sea,  which  communicates  with 
the  Gulf  of  Mexico  by  the  River  of  San  Juan. 

In  Central  America  the  Andes  are  interrupted  by  plains  and 
mere  hills  on  the  Isthmus  of  Tehuautepec  and  of  Nicaragua,  on 
each  side  of  which  there  is  a  series  of  lakes  and  rivers,  which, 
aided  by  canals,  might  form  a  water  communication  between  the 
Atlantic  and  Pacific  Oceans.  In  the  former,  the  line  proposed 
woidd  connect  the  River  Goazacoalcos,  on  the  Gulf  of  Mexico, 
with  the  Bay  of  Tehuantepec,  in  the  Pacific.  In  the  Isthmus  of 
Nicaragua,  the  Gulf  of  San  Juan  would  be  connected  by  the  river 
of  that  name,  and  the  chain  of  lakes  of  Nicaragua  and  Leon,  with 
the  Bay  of  Realejo  or  the  Gulf  of  Fonseca,  with  the  Gulf  of  Costa 
Rica.  Here  the  highest  level  necessary  would  be  212  ft.  above 
the  Pacific,  and  of  easy  excavation ;  and  the  lake,  situate  in  an 
extensive  plain,  and  at  an  elevation  of  125J  ft.  above  the  sea,  is 
deep  enough  for  vessels  of  considerable  size.^ 

A  range  of  lakes  goes  along  the  eastern  base  of  the  Andes  ;  but 
the  greater  part  of  them  are  mere  lagoons  or  marshes,  some  very 
large,  which  inundate  the  country  to  a  great  extent  in  the  time  of 
the  tropical  rains.  There  appears  to  be  a  deep  hollow  in  the  surface 
of  the  earth  at  the  part  where  Bolivia,  Brazil,  and  Paraguay  meet, 
in  which  lies  the  Lahe  Xarayos,  extending  on  each  side  of  the 
River  Paraguay ;  but,  like  many  South  American  lakes,  it  is  not 
permanent,  being  alternately  inundated  and  dry,  or  a  marsh.  Its 
inimdations  cover  36,000  sq.  m.  Salt  and  fresh  water  lakes  are 
numerous  on  the  plains  of  La  Plata,  and  near  the  Andes  in  Pata- 
gonia, resembling  in  this  respect  those  in  high  northern  latitudes, 
though  on  a  smaller  scale. 

In  the  elevated  mountain  valleys  and  table-lands  of  the  Andes 
there  are  many  small  lakes  of  the  purest  blue  and  green  colours, 
intensely  cold,  some  being  near  the  line  of  perpetual  congelation. 


I  The  reader  is  referred  to  a  paper  published  by  Admiral  FitzRoy  in  the 
20th  vol.  of  the  '  Journal  of  the  Geographical  Society,'  for  a  lucid  description 
and  review  of  the  different  projected  canals  and  routes  across  tlie  American 
isthmus,  viz.,  by  the  Lake  Nicaragua,  the  Eiver  of  Goazacoak-os,  and  the 
Isthmuses  of  Panama  and  Dai  ien. 
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They  are  generallj^  of  consideraMe  depth.  The  great  fresh  water 
lake  of  Titicaca,  however,  iu  the  Bolivian  Andes,  has  an  area  of 
•3200  sq.  m.,  and  is  more  than  120  fathoms  deep  in  many  places, 
snrrounded  hy  splendid  scenery.  Though  12,493  ft.  above  the 
level  of  the  Pacific,  and  consequently  higher  than  the  Peak  of 
Tenerille,  it  contains  several  species  of  iish ;  its  shores  are  cultivated, 
producing  corn,  barley,  potatoes,  and  even  Indian  corn  ;  and  peopled 
by  a  large  aboriginal  population,  inhabiting  towns  and  villages. 
Numerous  vestiges  of  Peruvian  civilisation  are  everywhere  to  be 
met  with  ;  and  in  the  island,  from  which  it  derives  its  name,  and 
where  tradition  places  the  origin  of  the  last  Inca  dynasty,  nume- 
rous specimens  of  Peruvian  architecture  still  exist.  It  receives 
several  rivers  from  either  branch  of  the  Andes,  but  has  only  one 
exit,  the  River  Desaguadero,  the  waters  of  which  are  lost  by  evapo- 
ration and  infiltration  in  the  sandy  soil  through  which  it  flows,  and 
in  its  terminal  lake  or  marsh  of  AuUagas.^ 

The  limpid  transparency  of  the  water  in  lakes,  especially  in 
mountainous  countries,  is  remarkable ;  minute  objects  are  visible 
at  the  bottom  through  many  fathoms  of  water.  The  vivid  green 
tints  so  often  observed  iu  Alpine  lakes  may  be  produced  by  vege- 
table dyes  dissolved  in  the  water,  though  chemical  analysis  has 
not  detected  them. 

Lakes,  being  the  sources  of  some  of  the  largest  rivers,  are  of 
gi-eat  importance  for  inland  navigation  as  well  as  for  irrigation ; 
while,  by  the  constant  evaporation  at  their  surface,  they  maintain 
the  supply  of  humidity  in  the  atmosphere  so  essential  to  vegetation. 


CHAPTER  XXIII. 

ATMOSPHERIC  PHliNOMEirA. 

§  1.  Height  and  Composition  of  the  Atmosphere. — The 

atmosphere  completely  envelopes  the  earth  to  a  height  which  is 
variously  estimated  at  from  27^  to  upwards  of  100  m. ;  it  bulges 
at  the  equator,  and  is  flattened  at  the  poles,  in  consequence  of  the 
diurnal  rotation.  It  is  a  mixture  of  water  in  an  invisible  state  and 
of  air,  but  the  air  is  not  homogeneous :  in  100  parts,  79  consist  of 
nitrogen  gas,  and  21  of  oxygen,  the  latter  the  source  of  combustion 
and  animal  heat,  and  0-46  of  water.  Besides  these,  there  is  a  small 
quantity  of  carbonic  acid  gas,  varying  from  3  to  6  ten  thousandths, 


1  SeePentland'smap  of  the  Lake  of  Titicaca,  published  at  the  Hvd.  Office 
in  1847. 
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which  IS  sufficient  to  supply  all  the  vegetation  on  the  earth  witli 
wood  and  leaves,  and  a  very  minute  proportion  of  amnioniacal 
ps.»  Ozone,  discovered  in  1848  by  Professor  Schonbein,  of  Basle, 
IS  also  a  constituent  of  the  atmosphere.  It  is  a  form  of  oxygen' 
produced  by  the  passage  of  electricity  through  the  air,  or  by  the 
action  of  phosphorus  on  damp  air.  Oxygen  may  be  transformed 
mto  ozone  by  the  electric  machine,  and  is  constantly  being  pro- 
duced by  the  electricity  in  the  atmosphere,  and  especially  by^'light- 
ning  dining  thunderstorms.  The  peculiar  smell  produced  when 
objects  are  struck  by  lightning  is  owing  to  ozone.  It  is  a  great 
puriher  of  the  air,  uniting  with  the  gases  arising  from  decaying 
organic  matter,  and  depriving  them  of  their  hurtful  qualities."  It 
IS  more  abundant  on  the  sea  coast  than  inland  ;  on  the  W.  thnn  on 
the  E.  of  Britain ;  on  elevated  than  in  low  situations  ;  with  S.  W. 
than  with  N.E.  winds;  in  the  country  than  in  towns;  on  the 
windward  than  on  the  leeward  side  of  towns.  lu  our  own  country 
it  is  most  abundant  from  February  to  June,  and  least  from  July  to 
J anuary.  It  reaches  its  maximum  in  May,  and  its  minimum  in 
November.  The  nitrogen  and  oxygen  of  the  air  are  only  in  a  state 
of  unchemical  moisture  and  not  of  chemical  combination.  This 
fact  is  proved  in  various  ways,  one  of  the  most  striking  being  the 
circumstance  that  water  absorbs  more  oxygen  from  the  air  than 
nitrogen,  the  amount  of  the  two  gases  found  in  water  being  in  exact 
proportion  to  the  absorptive  power  of  that  fluid  for  each  of  them 
separately.  If  air  were  a  chemical  compoimd,  the  ratio  of  the 
mixed  gases  absorbed  by  the  water  would  be  pre?erved.  Exhala- 
tions of  various  kinds  ascend  into  the  air,  such  as  those  which 
produce  miasmata ;  but  they  are  in  quantities  too  minute  to  be 
detected  by  chemical  analysis,  so  that  the  atmosphere  is  found  to 
be  of  the  same  composition  at  all  heights  above  the  sea  hitherto 
attained.  In  addition  to  this,  it  may  be  stated  that  the  property 
possessed  by  gases  of  readily  mixing  with  each  other  without  regard 
to  their  respective  specific  gravities  is  a  benign  provision  for  pre- 
venting the  accumulation  of  injurious  exhalations.  Thus  the  car- 
bonic acid  arising  from  the  decay  of  organised  substances,  although 
half  as  heavy  again  as  atmospheric  air,  diffuses  into  the  higher 
regions  of  the  atmosphere  with  great  rapidit3\ 


1  The  researches  of  M.  Ville  show  that  the  quantity  of  amnioniacal 
vapour  in  the  air  is  so  very  minute  as  to  exercise  no  influence,  as  was 
supposed  hy  Liebig,  on  vegetation.  M.  Lewy  has  found  that  in  some  situa- 
tions, as  at  Bogota,  the  proportion  of  carbonic  acid  gas  varies  with  tlie 
seasons:  thus,  in  11  raontiis  out  of  the  12,  the  air  contains  the  ordinary 
quantity,  from  Tcinro  to  totoo  of  its  vohime,  whereas  in  September  this  pro- 
portion increases  to  xinfiro,  a  circumstance  quite  inexplicable  in  the  present 
state  of  meteorology. 
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The  temperatiu-e  of  the  earth's  surface  and  the  phenomena  of  the 
atmosphere  depend  upon  the  revolution  and  rotation  of  the  globe, 
■which  successively  expose  all  the  parts  of  it,  and  the  air  which 
siu-roimds  it,  to  a  perpetual  variation  of  the  gravitating  forces  of  the 
two  great  luminaries,  and  to  annual  and  diiu'nal  vicissitudes  of  solar 
heat.  Atmospheric  phenomena  are  consequently  periodical  and 
connected  with  one  another,  and  their  harmorly  and  the  regularity 
of  the  laws  which  govern  them  become  the  more  evident  in  pro- 
portion as  the  mean  values  of  their  vicissitudes  are  determined  from 
simultaneous  observations  made  over  widely  extended  tracts  of  the 
globe.  The  fickleness  of  the  wind  and  weather  is  proverbial ;  but 
as  nearly  the  same  quantity  of  heat  is  annually  received  from  the 
sun,  and  annually  radiated  into  space,  it  follows  that  all  climates  on 
the  earth  are  stable,  and  that  their  changes,  like  the  pertui'bations 
of  the  planets,  are  limited  and  accomplished  in  fixed  cycles,  the 
periods  of  which  are  still  in  many  instances  unknown.  It  is 
possible,  however,  that  the  earth  and  air  may  be  aflected  by 
secular  variations  of  temperatm-e  during  the  progress  of  the  solar 
system  through  space,  or  from  periodical  changes  in  the  sun's  light 
and  heat,  similar  to  those  which  take  place  in  many  of  the  fixed  stars. 
The  spots  on  the  sun  must  occasion  periodical  variations  both  in 
the  light  and  heat  of  the  sun.  The  secular  variation  in  the  moon's 
mean  distance  will,  no  doubt,  alter  the  amount  of  her  attractive 
force,  though  probably  by  a  quantity  inappreciable  in  the  aerial 
tides ;  at  all  events,  variations  arising  from  such  circumstances 
could  only  become  perceptible  after  many  ages. 

From  experiments  made  by  M.  Peltier  it  appears  that,  if  the 
absolute  quantity  of  heat  annually  received  by  the  earth  were 
equally  dispersed  over  its  sm-face,  it  would  in  the  coiu-se  of  a  year 
melt  a  stratum  of  ice  46  ft.  deep  enveloping  the  whole  globe.  It 
is  evident  that,  if  so  great  a  quantity  of  heat  had  been  continually 
accumulated  in  the  earth,  instead  of  being  radiated  into  space,  it 
would  have  been  transmitted  through  the  surface  to  the  poles, 
where  it  would  have  melted  the  ice,  and  the  torrid  zone,  if  not  the 
whole  globe,  would  by  this  time  have  been  miinhabitable.  In  fact, 
every  surface  absorbs  and  radiates  heat  at  the  same  time,  and  the 
power  of  radiation  is  always  equal  to  the  power  of  absorption ;  for, 
imder  the  same  circumstances,  bodies  which  become  soon  warm 
also  cool  rapidly  ;  and  the  earth,  as  a  whole,  is  under  the  same  law 
as  the  bodies  at  its  Surface. 

Oxygen  and  nitrogen  are  the  most  permeable  of  all  gases  to 
radiant  heat ;  hence  our  atmosphere  readily  transmits  solar  heat. 
The  presence  of  vapour,  however,  moderates  the  efiects  of  radiation. 

According  to  Professor  Tyndall,  so  enormous  is  the  absorbent 
power  of  aqueous  vapour,  that  10  per  cent,  of  the  terrestrial  radia- 
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tion  is  stopped  within  10  feet  above  the  surface  of  the  ground  in 
England,  and  were  the  aqueous  vapoiu-  which  floats  in  our  atmo- 
sphere removed  for  one  summer  night,  every  plant  would  he  de- 
stroyed by  the  freezing  temperature. 

Although  part  of  the  heat  received  from  the  sun  in  summer  is 
radiated  back  again,  by  far  the  greater  part  sinks  into  the  earth's 
surface,  and  tempers  the  severity  of  the  winter's  cold  while  passing 
through  the  atmosphere  into  the  ethereal  regions. 

The  eart^  is  about  3,000,000  m.  nearer  to  the  sun  in  winter 
thau  in  summer,  but  the  rays  strike  the  northern  hemisphere  more 
obliquely  in  winter  than  in  the  other  half  of  the  year ;  and  Pro- 
fessor Secchi  has  shown  that  on  that  account  the  atmosphere 
absorbs  more  of  the  sim's  heat  in  winter  than  in  summer.  At 
Kome,  in  the  finest  season  of  the  year,  he  found  that  when  the  sun 
is  in  the  zenith  the  atmosphere  absorbs  one  fourth  of  the  heat 
during  the  vertical  transit  of  his  rays ;  when  they  fall  at  the  dis- 
tance of  60°  from  the  zenith,  the  loss  is  one  half,  and  continues  to 
be  very  rapid  as  the  obliqiuty  increases.  Thus  the  difference  be- 
tween the  summer  and  winter  temperature  depends  chiefly  on  the 
absorbing  power  of  the  atmosphere.  The  Professor  observes  that 
the  absorbed  heat  is  not  lost,  but  supplies  the  greater  part  of  that 
which  is  radiated  into  space. 

Sir  John  Herschel  has  shown  that  the  elliptical  form  of  the 
earth's  orbit  has  but  a  trifling  share  in  producing  the  variation  of 
temperature  corresponding  to  the  difference  of  seasons  ;  for  although 
in  one  half  of  its  orbit  the  earth  is  nearer  the  sun  than  in  the  other 
half,  its  motion  is  so  much  more  rapid  in  the  former  than  in  the 
latter,  that  it  is  exposed  for  a  shorter  time  to  the  suns  influence ; 
thus  a  compensation  takes  place,  and  an  equal  distribution  of  light 
and  heat  is  accorded  to  both  hemispheres. 

But  on  account  of  the  present  position  of  the  earth's  orbit,  the 
direct  heating  power  of  the  sun  in  summer  is  greater  by  nearly  one 
eighteenth  of  its  whole  intensity  in  the  southern  than  in  the 
northern  hemisphere  in  equal  latitudes  and  imder  equal  circum- 
stances of  exposure  ;  for  that  reason  the  sufferings  of  travellers  in 
the  southern  deserts  are  much  more  intolerable  than  in  the  northern. 
In  the  account  of  the  exploring  expedition  into  the  interior  of 
Australia,  Captain  Stuart  mentions  that '  the  ground  was  almost  a 
molten  surface ;  and  if  a  match  accidentally  fell  on  it,  it  immediately 
ignited.'  Sir  John  Herschel  has  observed  the  temperature  of  the 
surface  soil  in  South  Africa  as  high  as  159°  Fahr.^  By  direct 
experiments  made  a'  Rome,  Professor  Secchi  found  that  a  thermo- 
meter exposed  to  the  sun  in  an  open  field,  and  slightly  covered 


1  Sir  J.  Herschel's  '  Outlhies  of  Astronomy,'  p.  218,  1849. 
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with  earth,  rose  to  150°-6  Falir.  at  half  past  one  o'clock  in  the 
niootk  of  July,  which  differs  only  by  8°"4  from  that  of  South 
Africa. 

Diiu'nal  variations  of  heat  are  perceptible  onlyto  a  small  distance 
below  the  sm-face  of  the  ground,  because  the  earth  is  a  bad  con- 
ductor :  the  annual  influence  of  the  sun  penetrates  much  farther  ; 
at  the  eqxaator,  where  the  heat  is  greatest,  it  descends  deeper  than 
elsewhere,  with  a  diminishing  intensity  ;  but  there,  and  everywhere 
throughout  the  globe,  there  is  a  stratum  at  a  depth  varying  from 
40  to  100  ft.  below  the  surface  of  the  ground,  where  the  tempera- 
ture never  varies,  and  is  nearly  the  same  as  the  mean  temperatm-e 
of  the  country.  This  zone,  uuaflected  by  the  sun's  heat  from 
above,  or  by  the  internal  heat  from  below,  serves  as  an  origin 
whence  the  effects  of  solar  heat  are  estimated  on  one  hand,  and 
the  internal  temperature  of  the  globe  on  the  other.  Below  it  the  ' 
heat  of  the  earth  increases,  as  already  mentioned,  at  the  rate  of  1° 
Fahr.  for  every  50  ft.  of  perpendicular  depth  ;  were  it  to  continue 
increasing  at  that  rate,  every  substance  would  be  in  a  state  of 
fusion  at  the  depth  of  21  m. ;  hitherto,  however,  the  experiments 
in  mines  and  artesian  wells,  whence  the  earth's  temperature  below 
the  constant  stratum  is  ascertained,  have  not  been  extended  below 
1700  ft.i 


'  The  protuberant  matter  at  the  earth's  equator  occasions  a  nutation  in 
the  lunar  orbit,  and  the  action  of  the  suu  and  moon  on  that  protuberant 
matter  produces  those  inequalities  in  the  earth's  rotation  known  as  the 
Luni-Solar  Nutation  and  Precession.  (See  '  Connexion  of  Physical  Sciences,' 
sections  6  and  1 1.)  These  inequalities  have  been  computed  on  the  hypo- 
thesis of  the  earth  being  a  solid  mass.  Mr.  Hopkins  found  that' the 
result  would  be  the  same  if  the  earth  consisted  of  a  solid  shell,  enclosing  a 
nucleus  of  liquid  fire,  provided  the  shell  were  from  800  to  1000  miles  in 
thickness.  According  to  the  actual  increase  of  internal  heat,  the  earth  must 
be  in  fusion  at  the  depth  of  21  m.,  a  circumstance  equally  inconsistent 
with  the  preceding  result,  and  with  the  amoimt  of  precession.  However, 
the  temperature  at  which  fusion  takes  place  is  probably  different  at  difierent 
depths  on  account  of  the  enormous  pressure.  (See  '  Connexion  of  Physical 
Sciences.')  Now  Mr.  Hopkins  showed  that,  if  the  pressure  has  no  effect 
in  increasing  the  temperature  of  fusion,  the  existing  temperature  cannot  be 
due  to  original  central  heat ;  but  if  it  does  affect  it,  then,  aloni?  with  the 
increasing  tendency  of  heat  to  prevent  solidification  as  the  depth  increases, 
there  would  be  an  increasing  tendency  to  promote  it,  by  rendering  the  mass 
fusible  at  a  higher  temperature.  According  as  one  or  other  of  these  ten- 
dencies predominates,  different  cases  occur;  consequentlv  the  internal  state  of 
the  globe  may  be  determined  by  experiments  on  the  effect  of  high  pressure 
on  the  temperature  of  fusion.  Were  the  earth  composed  of  a  solid  shell 
filled  with  fluid  matter,  the  lava  would  stand  at  the  same  height  in  all 
volcanoes,  which  it  does  not;  and  the  same  would  happen  if  the  globe  had 
a  solid  nucleus  from  high  pressure,  and  a  solid  crust  from  refrigeration, 
with  matter  between,  which  is  one  of  the  possible  cases  arising  from  Mr. 
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M.  Elie  cle  Beaumont  lias  estimated  by  the  theory  of  Fom-ier, 
and  from  the  observations  of  M.  Arago,  that  the  quantity  of  central 
heat  which  reaches  the  surface  of  the  earth  is  capable,  in  the 
course  of  a  year,  of  melting  a  shell  of  ice  a  quarter  of  an  inch 
thick  '  covering  the  globe. 

The  superficial  temperature  of  the  earth  is  great  at  the  equa- 
tor, it  decreases  gradually  towards  the  poles,  and  is  an  exact  mean 
between  the  two  at  the  45th  parallel  of  latitude ;  but  a  multi- 
tude of  causes  disturb  this  law,  even  between  the  tropics.  It  is 
aflected  chiefly  by  the  unequal  distribution  of  laud  and  water, 
by  the  height  above  the  sea,  by  the  nature  of  the  soil,  and  by 
vegetation  ;  so  that  a  line  drawn  on  a  map  through  all  the  places 
where  the  mean  temperature  of  the  earth  is  the  same  would  be 
.  very  far  from  coinciding  with  the  parallels  of  latitude,  but  would 
approximate  more  to  them  as  it  approaches  the  equator.  Between 
the  tropics  the  temperature  of  the  earth's  surface  is  greater  in  the 
interior  of  continents  than  on  the  sea  coasts  and  islands,  and  in 
the  interior  of  Africa  it  is  greater  than  in  any  other  part  of  the 
globe. 

Temperature  depends  upon  the  property  all  bodies  possess,  more 
or  less,  of  perpetually  absorbing  and  emitting  or  radiating  heat. 
When  the  interchange  is  equal  the  temperatm-e  of  a  substance 
remains  the  same ;  but  when  the  radiation  exceeds  the  absorption, 
it  becomes  colder,  and  vice,  versa.  The  temperature  of  the  air  is 
certainly  raised  by  the  passage  of  the  solar  heat  through  it,  because 
it  absorbs  one  third  of  it  before  reaching  the  earth,  but  it  is  chiefly 
warmed  by  heat  transmitted  and  radiated  from  the  earth.  The 
radiation  is  abundant  when  the  sky  is  still,  clear,  and  blue,  but 
clouds  intercept  it ;  so  that  a  thermometer  rises  in  cloudy  weather, 
and  sinks  when  the  air  becomes  clear  and  calm ;  even  a  slight  mist 
diminishes  radiation  from  the  earth,  because  it  returns  as  much 
heat  as  it  receives.  The  temperature  of  the  air  is  subject  to  such 
irregularities  from  these  circumstances,  from  the  difference  in  the 
radiating  powers  of  the  bodies  at  the  surface  of  the  globe,  that  it 
is  necessary  to  find  by  experiment  the  mean  or  average  warmth 
of  the  day,  month,  and  year,  at  a  great  vai-iety  of  places,  in  order 
to  have  a  standard  by  which  the  temperature  in  different  parallels 
of  latitude  may  be  compared. 

Hopkins's  investigation.  He  shows,  however,  th.at  from  various  circumstances 
the  solid  nucleus  and  the  solid  crust  may  be  so  united  at  intervals  as 
to  divide  iM  molten  matter  into  basins  or  seas  of  lava,  -which  may  be  at 
different  levels  below  the  surface — a  state  that  agrees  better  than  any  other 
with  t  he  phenomena  of  volcanoes.  Professor  Belli,  of  Pavia,  thinks  that  in 
ditFerent  volcanoes  the  lava  stands  at  equal  heights. 

1  '  Annales  des  Sciences  G^ologiques,'  par  M.  Riviere,  1842. 
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An  approximation  to  the  mean  dinrnal  temperature  of  tlie  air  at 
anv  place  is  equal  to  lialf  tlie  sum  of  the  greatest  and  least  heights 
of  the  thermometer  during  24  hours ;  and  as  the  height  of  the 
thermometer  is  twice,  in  the  course  of  that  time,  equal  to  the  mean 
temperature  of  the  place  of  observation,  it  might  seem  easy  to 
obtain  its  value ;  yet  that  is  not  the  case,  for  a  small  error  in 
observation  produces  a  very  great  one  in  such  minute  quantities,  so 
that  acciu'acy  can  only  be  attained  from  the  average  of  a  great 
number  of  observations,  by  which  the  errors,  sometimes  in  excess 
and  sometimes  in  defect,  neutralise  or  balance  each  other.  The 
mean  value  of  quantities  is  a  powerful  aid  to  the  imperfections  of 
our  nature  in  arriving  at  truth  in  physical  inquiries,  and  in  none 
more  than  in  atmospheric  phenomena.  Almost  all  the  certain  know- 
ledge mau  has  acquired  with  regard  to  the  density  and  temperature 
of  the  air,  winds,  rain,  &c.,  has  been  acquired  by  that  method. 

The  mean  temperature  of  any  one  month  at  the  same  place 
differs  from  one  year  to  another,  but  the  mean  temperature  of  the 
whole  year  remains  nearly  the  same,  especially  when  the  average  of 
a  great  number  of  years  is  taken  into  consideration  ;  for  although 
the  temperature  in  any  one  place  may  be  subject  to  very  great 
variations,  yet  it  never  deviates  more  than  a  few  degrees  from  its 
mean  state. ^ 

The  motion  of  the  sun  in  the  ecliptic  occasions  perpetual  varia- 
tions in  the  length  of  the  day,  and  in  the  direction  of  his  rays  with 
regard  to  the  earth ;  yet,  as  the  cause  is  periodic,  the  mean  annual 
temperature  from  the  sun's  motion  alone  must  be  constant  in  each 
parallel  of  latitude.  For  it  is  evideut  that  the  accumulation  of 
heat  in  the  long  days  of  summer,  which  is  but  little  diminished  by 
radiation  during  the  short  nights,  is  balanced  by  the  small  quantity 
of  heat  received  during  the  short  days  of  winter  and  its  radiation 
in  the  long  frosty  and  clear  nights.'^  Were  the  different  parts  of  the 
globe  everywhere  on  a  level  with  the  surface  of  the  sea,  and  of 


1  The  mean  of  any  number  of  unequal  quantities  is  equal  to  their  sum 
divided  by  their  number.  To  ascertain  the  mean  annual  tem]}erature  at 
any  place  accurately,  the  mean  of  a  great  number  of  years  must  be  taken. 

2  The  warmest  time  of  the  day  is  between  two  and  three  in  the  after- 
noon;  the  coldest,  shortly  before  sunrise ;  but  on  mountain  tops,  where  the 
effects  of  radiation  from  the  ground  are  comparatively  small,  the  time  of 
greatest  warmth  depends  on  1  he  direct  rays  of  the  sun,  and  is  tlierefore  a  little 
before  noon.  The  maximum  annual  temperature  occurs  about  the  middle  of 
July  in  the  northern  hemisphere,  the  minimum  is  in  January  ;  so  that  the 
former  takes  place  some  time  after  the  summer  solstice,  because  the  earth 
absorbs  more  heat  than  it  radiates  during  that  interval,  and  for  the  contrary 
reason  the  greatest  cold  is  some  time  after  the  winter  solstice ;  the  mean 
takes  place  in  April  and  October. 
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uniform  substance,  so  as  to  absorb  and  radiate  heat  equally,  the 
mean  heat  of  the  sun  would  be  regularly  distributed  over  its  sur- 
face in  zones  of  equal  annual  temperature  parallel  to  the  equator, 
and  would  decrease  regularly  to  each  pole.  The  distribution  of 
heat,  however,  in  the  same  parallel  is  very  irregular  in  all  latitudes, 
even  between  the  tropics,  from  the  inequalities  in  the  level  and 
nature  of  the  surface  of  the  earth,  so  that  lines  drawn  on  a  map 
through  all  places  having  the  same  mean  annual  temperature  are 
nearly  parallel  to  the  equator  only  between  the  tropics ;  in  all  other 
latitudes  they  deviate  greatly  from  it,  and  from  one  another.^ 
Radiation  is  the  principal  modifying  cause  of  temperature  ;  hence 
the  heat  of  the  air  is  most  powerfully  modified  by  the  ocean,  which 
occupies  three  times  as  much  of  the  surface  of  the  globe  as  the  land, 
and  is  more  imiform  in  its  surface  and  also  in  its  radiating  power. 
Its  volume  is  400  times  greater  than  that  of  the  atmosphere,  and 
the  evaporation  over  its  surface  is  so  great  that  were  it  not  restored 
it  would  depress  its  level  about  5  ft.  annually ;  the  quantity  of 
heat  absorbed  in  this  manner,  and  again  liberated  during  rain,  is 
enormous.  On  the  land  the  difference  in  the  radiating  force  of  the 
mountains  and  table-lauds  from  that  of  the  plains — of  deserts  from 
grounds  covered-  with  rich  vegetation — of  wet  land  from  dry,  is 
the  most  general  cause  of  variation. 

There  are  two  points  in  the  northern  hemisphere,  both  in  the 
80th  parallel  of  latitude,  where  the  cold  is  more  intense  than  in  any 
other  part  of  the  globe  witli  which  we  are  acquainted.  One  N.  of 
Canada,  in  80°  N.  lat.  and  100°  W.  long.,  has  a  mean  temperature 
of  _  3°-5  Fahr.  ;  while  at  the  Siberian  point,  in  95°  E.  long.,  the 
mean  temperature  of  the  air  is  +  1°  ;  consequently  it  is  4^°  warmer 
than  that  N.  of  Canada — a  difference  that  has  an  influence  even 
to  the  equator,  where  the  mean  temperature  of  the  air  is  different 
in  different  longitudes.  Sir  David  Brewster  computed  that  the 
mean  temperature  of  the  North  Pole  of  the  earth's  rotation  is  not 
under  5°  Fahr.,  and  may  be  even  17°,  supposing  the  ocean  to  extend 
so  far,  which  there  is  every  reason  to  believe  that  it  does  ;  but  M. 
Arago's  estimate  on  the  hypothesis  of  there  being  land  at  the  North 
Pole  makes  the  cold  much  greater,  for  land  increases  the  cold 
by  abstracting  heat  from  the  air  in  high  latitudes,  and  augments 
the  heat  by  radiation  in  low  latitudes. 

The  line  of  the  maximum  temperatm-e  of  the  atmosphere,  or  the 
atmospheric  thermal  equator,  which  cuts  the  terrestrial  equator  in 
the  meridians  of  Tahiti  and  Singapore,  passing  through  the  Pacific 
in  its  southern  course,  and  through  the  Atlantic  in  its  northern. 


1  Lines  drawn  on  a  map  or  globe  through  all  places  where  the  mean 
annual  temperature  is  the  same  are  called  isothermal  lines. 
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lias  a  mean  temperature  of  83°-84  Falir.  But  by  the  comparison 
of  many  observations  the  mean  equatorial  temperatiu-e  of  the  air 
is  S2°-94  in  Asia,  85°-10  in  Africa,  and  80°-96  in  America  ;  thus 
it  appears  that  tropical  Africa  is  the  hottest  region  on  earth. 
Moreover,  the  atmosphere  in  the  tropical  zone  of  the  Pacific,  when 
free  from  currents,  is  2:^°  warmer  than  the  corresponding-  zone  in 
the  Atlantic,  which  is  82°-40.  Local  circumstances  increase  both 
heat  and  cold  immensely ;  in  the  Nubian  Desert,  for  example,  a 
heat  of  150°  Fahr.  in  the  sun,  and  130°  in  the  shade,  has  been 
observed.  Perhaps  the  greatest  degree  of  heat  on  record  was  that 
experienced  by  Captain  Griffiths  near  the  Eunhrates,  where  the 
thermometer  stood  at  166°  in  the  sun,  and  132°  in  the  shade.  In 
December  1738,  at  Kiringa,  in  Siberia,  Gmelin  is  said  to  have 
experienced  cold  of  -80°;  the  gentlest  breeze  would  have  rendered 
that  cold  fatal  by  the  rapid  abstraction  of  heat  from  the  body.  In 
December  1866,  at  Nulato,  a  post  of  the  Eussian  Fur  Company, 
on  the  Lower  Yukon,  the  thermometer  fell  to  —68°  Fahr.,  90° 
below  freezing.  In  March  1876  the  thermometer  on  board  the 
'  Alert '  registered  -  73-7°  Fahr.,  or  nearly  106°  below  freezing 
point.' 

On  account  of  the  great  extent  of  ocean,  the  isothermal  lines  in 
the  southern  hemisphere  coincide  more  nearly  with  the  parallels  of 
latitude  than  in  the  northern.  In  the  Pacific  Ocean  the  only 
flexure  is  occasioned  by  the  cold  of  the  S.  polar  current,  which  flows 
along  the  western  coast  of  the  American  continent.  In  the  northern 
hemisphere  the  predominance  of  land  and  its  frequent  alternations 
with  water,  the  prevalence  of  particular  winds,  irregularities  of  the 
surface,  and  the  difference  in  the  temperature  of  the  points  of  maxi- 
mum cold,  cause  the  isothermal  lines  to  deviate  more  from  the 
parallels  of  latitude.  They  malie  two  deep  bends  northward,  one 
in  the  Northern  Atlantic  and  another  in  the  N.  W.  of  America,  and 
at  last  they  separate  into  two  parts  and  encircle  the  points  of 
maximum  cold. 

Professor  Dove  has  shown  that  in  consequence  of  the  excess  of 
land  in  the  northern  hemisphere  and  the  difference  in  the  effect 
produced  by  the  smi's  heat  according  as  it  falls  on  a  solid  or  liquid 
surface,  there  is  an  annual  variation  in  the  aggregate  mean  tem- 
perature at  the  surface  of  the  earth,  whose  maximiun  takes  place 
during  the  sun's  northern  declination,  and  its  minimmu  during  its 
southern. ^ 


1  See  Captain  Nares'  Report  to  the  Lords  Commissioners  of  the  Ad- 
miralty, November  1 876. 

2  For  example.  Professor  Dove  found  that  the  mean  temperature  of 
December,  January,  and  February,  at  Toronto,  in  Canada,  added  to  the 
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§  2.  Climates. — Places  having;  the  i^ame  mean  annual  tem- 
perature often  differ  materially  in  climate  :  in  some  the  winters  are 
mild  and  the  summers  cool,  whereas  in  others  the  extremes  of  heat 
and  cold  prevail.  England  is  an  example  of  the  first ;  Quebec, 
St.  Petersbm-g,  and  the  Arctic  regions  are  instances  of  the  second 
kind.  The  solar  heat  penetrates  more  abimdantly  and  deeper  into 
the  sea  than  into  the  land ;  in  winter  the  sea  preserves  a  con- 
siderable portion  of  that  which  it  receives  in  summer,  and  from  its 
saltness  does  not  freeze  so  soon  as  fresh  water ;  hence  the  ocean 
is  not  liable  to  the  same  changes  of  temperature  as  the  land,  and  by 
imparting  its  heat  to  the  winds  it  diminishes  the  severity  of  the 
climate  on  the  coasts  and  in  islands,  which  are  never  subject  to 
such  extremes  of  temperature  as  are  experienced  in  the  interior  of 
continents.  The  difference  between  the  influence  of  sea  and  land 
is  strikingly  exemplified  in  the  high  latitudes  of  the  two  hemi- 
spheres. In  consequence  of  the.  unbounded  extent  of  the  ocean  in 
the  south,  the  air  is  so  mild  and  moist  that  a  rich  vegetation  covers 
the  ground ;  while  in  the  con-espouding  latitudes  in  the  N.  the 
country  is  barren  from  the  excess  of  land  towards  the  Polar  Ocean, 
which  renders  the  air  diy  and  cold.  A  superabundance  of  land  in 
the  equatorial  regions,  on  the  contrary,  raises  the  temperature, 
while  the  sea  moderates  it. 

Professor  Dove  has  shown,  from  a  comparison  of  observations, 
that  Northern  and  Central  Asia  have  what  may  be  termed  a  true 
Continental  Climate,  both  in  summer  and  in  winter — that  is  to  say, 
a  hot  siunmer  and  a  cold  winter ;  that  Europe  has  a  true  Insular  or 
sea  climate  in  both  seasons,  the  summers  being  cool  and  the  winters 
mild  ;  and  that  in  North  America  the  climate  is  inclined  to  be 
continental  in  winter  and  insular  in  summer.  The  extremes  of 
temperature  in  the  year  are  greater  in  Central  Asia  than  in  North 
America,  and  greater  in  North  America  than  in  Europe,  and  that 
difterence  increases  everywhere  with  the  latitude.  In  Guiana, 
within  the  tropics,  the  difference  between  the  hottest  and  coldest 
months  in  the  year  is  only  20°-2  Eahr. ;  in  the  temperate  zone 
it  varies  from  20°  to  50°  ;  and  at  Yakutsk,  in  Siberia,  it  is  106°. 
Even  in  places  which  have  the  same  latitude  as  in  Northern  Asia, 
compared  with  others  in  Europe  or  North  America,  tjie  difference  is 
very  great.  At  Quebec  the  summers  are  as  warm  as  those  in  Paris, 
and  grapes  sometimes  ripen  in  the  open  air,  yet  the  winters  are  as 


mean  temperature  of  the  same  months  at  TTobart  Town,  in  Tasmania, 
exceeds  the  sum  of  the  mean  temperature  of  June,  July,  and  August,  at 
the  same  places,  added  together,  by  22°-7  Fahr.  Similar  results,  though 
varying  in  amount,  were  obtained  for  many  corresponding  stations  in  the 
two  hemispheres,  which  establishes  the  law  given  in  the  text. 
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severe  as  those  in  St.  Petersburg.  In  short,  lines  drawn  on  a  map 
through  places  having  the  same  mean  summer  or  winter  temper- 
ature are  neither  parallel  to  one  another  nor  to  the  isothermal  or 
isogeothermal  lines,  and  they  differ  still  more  from  the  parallels 
of  latitude.  1 

Obsei-vations  tend  to  prove  that  all  the  climates  on  the  earth 
are  stable,  and  have  remained  so  from  the  remotest  historical  periods ; 
and  that  their  vicissitudes  are  only  oscillations  of  greater  or  less 
extent,  which  vanish  in  the  mean  annual  temperature  of  a  sufficient 
number  of  years.  There  may  be  a  succession  of  cold  simimers  and 
mild  winters,  but  in  some  other  country  the  contrary  takes  place  ; 
the  distribution  of  heat  may  vary  from  a  variety  of  cii-cumstances, 
but  the  absolute  quantity  gained  and  lost  by  the  whole  earth  in  the 
coiu-se  of  a  year  is  invariably  the  same.'^ 

Since  the  air  receives  its  warmth  chiefly  from  the  earth  its 
temperatm-e^  diminishes  with  the  height  so  rapidly  that  at  a  very 
small  elevation  the  cold  becomes  excessive,  as  the  perpetual  snow- 
on  the  moimtain  tops  ckarly  shows.  Besides,  as  the  warm  air 
ascends  it  expands,  and  its  capacity  for  heat  being  increased 
more  is  absorbed,  which  gradually  diminishes  the  sensible  heat 
shown  by  the  thermometer ;  the  decrease  is  nearly  at  the  rate  of 
1°  Fahr.  for  every  300  ft.  By  computations  founded  on  the 
capacitj^of  the  air  for  heat,  and  absorption  of  the  solar  light  in  the 
atmosphere,  Fom-ier  has  estimated  the  temperature  of  the  ethereal 


Tn  the  same  manner  as  isothermal  lines  are  supposed  to  pass  througli 
.all  parts  of  the  globe  where  the  mean  temperature  of  the  air  is  the  same,  so 
the  uogeothenna^  lines  are  supposed  to  pass  through  all  places  where  the 
mean  heat  of  the  gi-o«nd  is  the  same  :  the  isothermal  lines  are  supposed  to 
be  drawn  through  all  places  having  the  same  mean  summer '^temper^ 
ature;  and  ih^  ,sochmenal  lines  through  all  places  where  the  mean 
winter  temperature  is  the  same.  The  practice  of  representing  to  the 
eje  these  hues  on  a  map  or  terrestrial  globe  is  of  great  use  in  foUowino 
and^understandmg  the  complicated  phenomena  of'temperature  and  magl 

notir^is:^  ^^^tuS^s  If    2:  ^-^-^ 

.earl,  -2000  yea.  ;  and  rt^heXu'ion' 
that  the  chmate  of  Italy  has  not  varied  from  the  time  of  tZ  ZSZov 
who  d,ed  147  years  before  Christ,  to  the  present  time,  or  in  2;tnt„r^es  W 
companng  the  t.mes  of  ripening  of  different  vegetables  and  plan  s  t^e 
penods  of  the  vmtage  and  of  the  harvest,  as  given^in  th^wr  Ls  o^Var  ' 
Columella,  &c.,  with  the  ripenings  and  harvests  -.c  th^l  Zll    ^  ' 

vaned  smee  the  time  of  Galileo,  220  years  ago.  '  ^ 
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regions  to  be  -50°  Falir.,  while  M.  Pouillet  makes  -220°  from 
direct  experiments  on  the  radiation  of  terrestrial  heat  into  a  clear 
blue  sky  during  the  night.  Sir  John  Hersehel  supposed  it  to  be 
about  -2.30°. 

§  3.  Density  of  the  ii.tmosphere. — The  atmosphere,  being 
a  heavy  and  elastic  fluid,  decreases  in  density  upwards,  accordin;^- 
to  a  determinate  laAv,  so  rapidly  that  three  fourths  of  the  whole 
air  which  constitutes  it  are  within  fom-  miles  of  the  earth,  and  all 
the  phenomena  perceptible  to  us — as  clouds,  rain,  snow,  and 
thunder — occur  within  that  limit.  The  air  even  on  the  tops  of 
mountains  is  so  rare  as  to  diminish  the  intensity  of  sound,  to  aft'ect 
respiration,  and  to  occasion  a  loss  of  muscular  strength  in  man  and 
animals.^ 

Since  the  space  in  the  top  of  the  tube  of  a  barometer  is  a  vacumn, 
the  column  of  mercury  is  supported  in  the  tube  by  the  pressure  of 
the  atmosphere  on  the  surface  of  the  mercury  in  the  cistern  :  hence 
every  variation  in  the  density  or  height  of  the  atmosphere  occasions 
a  corresponding  rise  or  fall  in  the  barometi-ic  column.  The  actual 
mean  pressure  of  the  atmosphere  at  the  level  of  the  sea  is  between 
14k  and  15  poimds  on  the  square  inch  ;  hence  the  pressure  on  the 
Avhole  earth  is  enormous.  It  is  equal  to  the  weight  of  a  solid 
globe  of  lead  60  m.  in  diameter. 

The  decrease  in  the  density  of  the  air  affords  an  accurate  method 
of  finding  the  height  of  mountains  above  the  level  of  the  sea,  which 
would  be  very  simple,  were  it  not  for  changes  of  temperature  and 
moisture,  which  alter  the  amount  of  the  pressure  and  interfere  with 
the  regularity  of  the  law  of  its  decrease.  But  as  the  heat  of  the 
air,  as  before  stated,  diminishes  with  the  height  above  the  earth 
at  the  i-ate  of  1°  Fahr.  for  every  300  ft.,  tables  are  constructed  by 
the  aid  of  which  heights  may  be  determined  with  considerable 
accuracy.  In  consequence  also  of  diminished  pressure,  water 
boils  at  a  lower  temperature  on  mountain  to]3s  than  at  the  level 
of  tlie  sea;  which  aflbrds  another  method,  although  less  exact,  of 
ascertaining  heights.'^ 


1  If  the  heigli,t8  above  the  earth  increase  bv  equal  quantities,  as  a  foot 
or  a  mile,  the  densities  of  the  strata  of  air,  or  the  heights  of  the  barometer 
which  are  proportional  to  them,  -will  decrease  in  penmetrical  progression : 
for  example,  if  the  height  of  thp  barometer  at  the  level  of  the  sea  be 
29'922  inches,  it  Avill  be  14-961  inches  at  the  height  of  18,000  feet,  or  one 
half  as  great;  it  will  be  one  fourth  as  great  at  the  height  of  36,000  feet, 
one  eighth  at  the  height  of  54,000  feet,  and  so  on. 

2  The  Aneroid  Barometer,  invented  by  M.  Vidi,  of  Paris,  although  not 
to  be  compared  as  an  instnunent  of  precision  with  the  ordinary  mercurial 
barometer,  is  infinitely  more  portable,  and  gives  with  promptitude  and 
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By  tlie  annual  and  diurnal  revolutions  of  the  earth,  each  column 
of  air  is  alternatelj'  exposed  to  the  heat  and  cold  of  summer  and 
winter,  of  day  and  night ;  and  also  to  variations  occasioned  by  the 
attraction  of  the  moon,  producing  tides  similar  to  those  of  the  ocean, 
although  in  a  less  marked  degree.  These  lunar  tides  ebb  and  flow 
twice  during  a  lunation ;  their  extent  has  been  satisfactorily  deter- 
mined at  stations  within  the  tropics.  Variations  to  a  much,  larger 
extent  are  produced  by  the  action  of  the  sun's  heat  on  the  atmo- 
sphere ;  they  accomplish  their  rise  and  fall  twice  in  the  24  hours, 
and  are  entirely  due  to  the  effects  of  temperature  on  the  air  and  the 
moisture  contained  in  it,  by  which,  according  to  Mr.  Dove's  re- 
searches, independent  pressiu-es  on  the  mercurial  column  in  the 
barometer  are  occasioned.^ 

A  quantity  of  vapour  is  continually  raised  by  the  heat  of  the  sun 
from  the  surface  of  the  globe,  which  mixes  in  an  invisible  state  with 
the  dry  air  or  gaseous  part  of  the  atmosphere.  It  is  most  abundant 
in  the  torrid  zone  and,  like  the  heat  on  which  it  depends,  varies 
•with  the  latitude,  the  season  of  the  year,  the  time  of  the  day,  the 
elevation  above  the  sea,  and  also  with  the  nature  of  the  soil,  the 
laud,  and  the  water.  There  is  no  chemical  combination  between  the 
aerial  and  aqueous  atmospheres,  they  are  merely  mixed  ;  and  the 
diurnal  variations  arise  fi-om  the  superposition  of  two  distinct 
diurnal  oscillations,  each  going  through  its  complete  period  in  24 
hours ;  one  taking  place  in  the  aerial  atmosphere  from  the  alternate 
heating  and  cooling  of  the  air  which  produce  a  flux  and  reflux  over 
the  point  of  observation  :  the  other  arising  from  the  aqueous  atmo- 
sphere, owing  to  the  alternate  production  and  destruction  of  vapour 
by  the  heat  of  the  day  and  the  cold  of  the  night.  The  diurnal 
variations  of  the  vapour  have  their  maximimi  at  or  near  the  hottest 
hour  of  the  day,  and  their  minimum  at  or  near  the  coldest,  which  is 
exactly  the  converse  of  the  diurnal  variations  of  the  dry  air.  On 


accuracy  smaU  differences  of  pressure;  it  will  be  found,  imder  proper 
precautions,  and  comparison  from  time  to  time  Avith  the  mercurial  baro- 
meter, a  most  useful  companion  to  the  traveller  in  mountain  districts.  The 
observations  can  be  made  in  a  couple  of  minutes. 

1  The  moon's  orbit  is  very  much  elongated,  so  that  her  distance  from  the 
earth  vanes  considerably,  and  consequently  her  attractive  force.  Moreover 
her  attraction  varies  with  the  rotation  of  tlie  earth,  which  brings  her  twice 
in  24  hours  in  (he  meridian  of  any  place,  once  in  the  superior  and  once  in 
tlie  mfenor  meridian  ;  but  her  attractive  action  on  the  atmosphere  is  much 
inferior  to  that  of  the  sun.  The  amount  of  the  moon's  attractive  force  on  th« 
atmosphere  was  first  deduced  by  General  Sabine  ('Phil.  Trans'  1847  and 
mp  from  the  observations  made  at  the  Colonial  Observatories  of  St 
Helena  and  Smgapore,  and  found  by  him  to  be  0  570  of  *n  inch  in  lat  1°  S'' 
and  0*3fi,5  in  16°.  '  ' 
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the  whole  there  are  two  maxima  and  two  minima  heights  of  the 
harometer  in  the  course  of  24  hours  from  the  combinations  of  these ; 
"but  in  the  interior  of  continents  far  from  water,  where  the  air  is 
very  dry,  there  ought  to  be  one  maxirauni  and  one  minimum  during 
that  period  according  to  this  theory.  That  appears  to  be  actually 
the  case  in  some  parts  of  Asiatic  Siberia,  and  of  the  interior  of  North 
America  during  the  winter  season,  when  there  is  scarcely  any 
aqueous  vapour  present  in  the  atmosphere. 

Between  the  tropics  the  barometer  attains  its  greatest  height  at 
half  past  nine  in,  the  morning  ;  it  then  sinks  till  half  past  four  in 
the  afternoon,  after  which  it  again  rises  and  attains  a  second 
maximum  at  half  past  ten  in  the  evening ;  it  then  begins  to  fall  till 
it  reaches  a  second  time  its  lowest  point  at  half  past  three  in  the 
morning.  The  mean  difference  in  the  height  is  0-117  of  an  inch, 
which  gradually  decreases  N.  and  S.  Humboldt  mentions  that  the 
diurnal  variations  of  the  barometric  pressure  are  so  regular  between 
the  tropics  that  the  hour  of  the  day  may  be  inferred  from  the 
height  of  the  mercury  to  within  15  or  16  minutes,  and  that  it 
is  undistm-bed  by  rain,  or  earthquake,  both  on  the  coasts  and 
at  altitudes  13,000  ft.  above  them.  Among  the  results  obtained 
at  Kew  from  observations  made  during  numerous  voyages,  it  ap- 
pears that  between  6°  and  10°  N.  lat.  the  range  of  the  barometer 
is  so  small  and  so  regular  as  to  time,  that  a  barometer  may  be 
verified  in  crossing  that  zone  with  perfect  confidence.  The  mean 
height  of  the  barometer  between  the  tropics  at  the  level  of  the  sea 
is  30  inches  with  very  little  fluctuation,  but,  owing  to  the  ascend- 
ing currents  of  air  from  the  heat  of  the  earth,  it  is  less  under  the 
equator  than  in  temperate  zones,  and  the  decrease  towards  the 
equator  is  extremely  regular.  It  attains  a  maximum  in  Western 
Europe  between  the  parallels  of  40°  and  45° ;  in  the  North  Atlantic 
the  maximum  is  about  the  30th  parallel,  and  in  the  southern  part  of 
that  ocean  it  is  near  the  tropic  of  Oapricorn  ;  the  amplitude  of  the 
oscillations  decreases  from  the  tropics  to  about  the  70th  parallel, 
where  the  diurnal  variations  cease.  They  are  aifected  by  the  seasons, 
'heing  greatest  in  simmier  and  least  in  winter.  It  appears  also  that 
the  fluctuations  are  the  reverse  on  mountain  tops  from  what  they 
are  on  the  plains,  and  probably  at  a  certain  height  they  would  cease 
altogether.^    It  is  a  singular  fact,  discovered  duaing  Sir  James  0. 

1  Mr.  Pentland,  however,  found  within  the  tropics,  in  the  Peiii- 
Bolivian  Andes,  at  elevations  between  11,000  and  14,000  ft.,  the  horary 
oscillations  of  the  barometer  as  regular,  and  nearlj-  as  extensive,  as  on  the 
level  of  the  sea  in  the  same  latitude  ;  they  have  also  been  found  to  observe 
the  same  regularity  at  still  more  elevated  stations  in  the  Himalayas, 
although  the  extent  of  the  oscillation  was  less,  owing  possibly  to  the  extra- 
tropical  position  of  that  region. 
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Ross's  last  voyage,  that  the  mean  height  of  the  barometer  is  lower 
throughout  the  Antarctic  Ocean  and  at  Oape  Plorn  than  it  is  at  tlie 
Cape  of  Good  Hope  or  Valparaiso.  It  depends  upon  there  being 
less  air  and  more  vapour  in  the  southern  than  in  the  northern 
hemisphere.  For  the  enormous  quantity  of  vapom'  raised  by 
evaporation  from  that  vast  expanse  of  ocean  permanently  expels  a 
large  portion  of  the  atmosphere,  just  as  steam  expels  air  from  a 
boiler,  and  that  is  proved  by  the  mean  height  of  the  barometer  being 
30-1  between  the  equator  and  78°  37'  N.  lat.,  while  its  mean  height 
in  70°  S.  lat.  is  only  29'0.  Hence  the  depression  observed  by  Sir 
James  Eoss.  A  similar  depression  near  the  Sea  of  Okhotsk,  in 
Eastern  Siberia,  is  recorded  by  M.'Ermann.  But  in  this  case  it  is 
the  cold  that  condenses  the  vapour  into  clouds,  heat  being  liberated, 
which  swells  out  the  superincumbent  air  and  diminishes  the  pres- 
sm'e.  Mr.  Buchan,  the  Secretary  of  the  Scottish  Meteorological 
Society,  found  that  in  July  the  lowest  pressures  are  distributed 
over  the  continents,  and  the  larger  the  continental  mass  the  greater 
the  depression,  and  that  the  high  pressures  are  distributed  over  the 
oceans,  between  50°  N.  and  50°  S.  lat.,  the  highest  pressm-es  oc- 
curring in  those  parts  of  the  ocean  which  are  most  completely 
enclosed  by  the  continents.  In  January,  on  the  contrary,  the 
isobai'ic  lines  show  a  pressui'e  above  the  average  which  is  almost 
confined  to  the  northern  hemisphere,  and  is  highest  of  all  in  Central 
and  Northern  Asia,  while  a  low  pressure  prevails  in  the  southern 
hemisphere  and  in  the  North  Atlantic,  having  its  greatest  depres- 
sion in  Iceland.  The  mean  annual  atmospheric  pressure  shows 
tv/o  regions  of  high  pressure  passing  roimd  the  earth  in  broad 
belts  to  the  N.  and  S.  of  the  equator.  Between  them  is  the  tropical 
belt  of  low  pressure,  in  tlie  centre  of  which  is  a  narrower  belt  of 
still  lower  pressure  towards  which  the  trade  winds  blow.  The 
regions  of  low  pressure  are  round  the  poles,  the  most  remarkable 
being  that  round  the  S.  pole.  From  the  registers  of  100,000 
observations,  it  is  shown  that  the  mean  pressure  diminishes  from 
29-740  inches  in  lat.  46"  to  60°  S.,  to  28-960  inches  in  lat.  75°  to 
80°  S.  The  low  pressures  are  the  result  either  of  high  temperature, 
or  of  an  excessive  amount  of  vapom*  in  the  atmosphere.  Ascending 
currents  of  air  prevail  in  all  regions  of  low  pressure,  and  pour  over 
in  the  upper  currents  of  the  atmosphere  into  the  regions  of  high 
pressure. 

§  4.  Currents  of  the  Atmosphere. — Besides  the  small  horary 
undulations,  there  are  vast  waves  moving  over  the  oceans  and 
continents  in  separate  and  independent>systems,  being  confined  to 
local  yet  very  extensive  districts,  always  accompanied  with  con- 
tinued rains  or  dry  weather  over  wide  tracts  of  country.  By 
numerous  barometrical  observations  made  simultaneously  in  both 
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hemispheres,  the  courses  of  several  have  been  traced,  some  of 
which  take  24,  others  36  hours,  to  accomplish  their  rise  and  fall 
One  especially  of  these  vast  barometric  waves,  many  hundreds  of 
miles  m  breadth,  has  been  traced  over  the  greater  part  of  Europe, 
and  not  its  breadth  only,  but  also  the  direction  of  its  front  and 
its  velocity,  have  been  clearly  ascertained.    The  course  of  another 
wave  has  been  made  out  from  the  Cape  of  Good  Hope,  through 
many  intermediate  stations,  lo  the  observatory  at  Toronto,  in 
Canada.    Since  every  undulation  has  its  perfect  effect  independ- 
ently of  the  others,  each  one  is  marked  by  a  change  in  the  baro- 
meter, and  may  be  beautifully  represented  by  curved  lines  on 
paper,  constructed  from  a  series  of  observations.   The  general  form 
of  the  cm-ve  shows  the  character  of  the  principal  wave,''while  small 
undulations  in  its  outline  mark  the  maxima  and  minima  of  the 
minor  oscillations.    Although,  like  all  other  waves,  these  in  the 
atmosphere  are  but  waving  forms,  in  which  there  is  no  transfer  of 
air,  yet  winds  arise  from  them ;  and  Sir  John  Herschel  was  of 
ppinion  that  the  crossing  of  two  of  these  vast  aerial  waves,  coming 
in  different  directions,  may  generate  at  the  point  of  intersection 
those  tremendous  revolving  storms,  or  hurricanes,  which  spread 
desolation  far  and  wide. 

The  air  which  expands  and  becomes  lighter  with  heat,  contracts 
and  becomes  heavier  with  cold,  and,  as  there  are  82  degrees  of 
diflference  between  the  equatorial  and  polar  temperature,  the  light 
warm  air  at  the  equator  is  constantly  ascending  to  the  upper  regions 
of  the  atmosphere,  and  flowing  N.  and  S.  towards  the  poles,  from 
whence  the  cold,  dry,  and  consequently  heavy  air  rushes  to  supply 
its  place,  since  the  same  tendency  to  restore  equilibrium  exists  in  air 
as  in  water  and  other  fluids.   Now  the  winds  from  the  poles  blow  in 
the  upper  regions  of  the  atmosphere  and,  as  they  have  no  rotatory 
motion  when  they  leave  the  poles,  they  are  deflected  from  their 
meridianal  com-se  by  the  continually  increasing  velocity  of  the  earth's 
rotation  as  they  approach  the  equator.    But  these  polar  winds, 
being  cold,  dry,  and  heavy,  sink  down  at  the  tropics  and  become 
surface  winds ;  and  as  they  still  revolve  slower  than  the  correspond- 
ing parts  of  the  earth  at  which  they  successively  arrive,  the  bodies 
on  its  surface  strike  against  them  with  the  excess  of  their  velocity, 
so  that  the  wind,  to  a  person  who  thinks  himself  at  rest,  blows  in  a 
direction  contrary  to  that  of  the  earth's  rotation.    For  that  reason 
a  current  from  the  N.  becomes  the  N.E.  trade  wind  after  arrivinsf 
at  the  tropic  of  Cancer,  and  one  from  the  S.  becomes  the  S.E.  trade 
wind  after  leaving  the  tropic  of  Capricorn.    These  two  winds  con- 
tinue their  course,  and  when  they  arrive  at  the  equator,  being  highly 
rarefied,  they  probably  rise,  cross  each  other,  and  then  each  pursues 
its  course  as  an  upper  current  till  they  come  to  the  tropics ;  and 
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now  being  chilled  in  the  higher  regions,  they  sink  down,  cross  again, 
and  each  Hows  along  the  surface  to  the  poles,  where  there  would  be 
an  accumulation  of  air  if  they  did  not  cross  and  rise  to  the  surlace 
of  the  atmosphere  to  begin  a  new  course. 

It  was  shown  that  the  easterly  direction  of  the  trade  -winds  is 
caused  by  currents  of  air  coming  along  the  siu-face  of  the  globe  with 
less  rotatory  motion  than  the  places  they  successively  arrive  at ;  on 
the  contrary,  the  surface  currents  that  flow  from  the  tropics  to  the 
poles  have  a  greater  rotatory  motiou  than  the  latitudes  they  succes- 
sively come  to  ;  therefore  they  become  a  N.W.  -wind  in  the  southern 
hemisphere,  and  a  S.W.  wind  in  the  northern  ;  which  are  the  pre- 
vailing winds  in  the  extra-tropical  latitudes.  In  fact,  the  difference 
of  temperature  puts  the  air  in  motion,  and  the  dii-ection  of  the 
resulting  wind  at  every  place  depends  upon  the  difference  between 
the  rotatory  motion  of  the  wind  and  the  rotatory  motion  of  the 
earth ;  the  whole  theory  of  the  trade  winds  depends  upon  these 
circumstances. 

Thus,  in  each  of  the  temperate,  and  in  each  of  the  torrid  zones, 
there  are  two  currents  of  wind,  an  upper  and  an  under  current, 
blowing  contemporaneously  in  opposite  dii-ections.  Wherever  these 
currents  cross  there  is  a  region  of  calms,  because  they  balance  or 
neutralise  each  other  through  a  certain  space  and  then  go  on.  Hence 
there  is  a  belt  of  calms  a  little  N.  of  the  equator,  which  girdles  the 
earth  with  a  mean  breadth  of  6  degrees :  on  each  side  of  this  are 
the  trade  winds,  of  which  the  N.E.  trade  wind  is  the  narrowest,  on 
account  of  the  excess  o  f  land  in  the  northern  hemisphere :  then  come 
the  calms  of  Cancer  and  Capricorn,  or  Doldrums  of  the  sailors  ; 
then  the  extra-tropical  winds ;  and  lastly  the  polar  calms. 

That  the  winds  cross  one  another  in  the  calm  belts  there  seems 
to  be  no  doubt.  For  example,  two  winds  proceed  from  the  calm 
belt  of  Cancer  that  blow  along  the  sm-face  of  the  earth :  one  from 
its  S.  side  in  a  steady  breeze,  which  is  the  N.E.  trade  wind  :  another 
wind  comes  from  the  N.  side  of  the  same  belt  of  calms,  which  blows 
to  the  N.E.,  and  forms  the  S.W.  winds  so  prevalent  in  the  North 
Atlantic.  They  leave  the  calm  belt  loaded  with  vapour,  which 
is  precipitated  as  they  pass  into  a  colder  zone,  and  they  supply 
all  the  springs  and  rivers  in  the  northern  hemisphere  with  water. 
Now  these  S.W.  winds  do  not  obtain  that  enormous  quantity  of 
vapour  while  crossing  the  Atlantic,  for  they  probably  give  by  rain  as 
much  as  they  receive  by  evaporation,  therefore  it  can  only  come 
from  the  southern  hemisphere.  The  S.E.  trade  winds  carry  the 
moisture  evaporated  from  the  great  southern  ocean  to  the  equator ; 
there  they  rise  into  the  higher  regions  of  the  atmosphere,  and 
blow  as  an  upper  cuiTent  to  the  calm  belt  of  Cancer ;  and  now, 
being  eliilled,  they  sink  down  and  come  out  from  the  N.  side  .of  the 
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calm  belt  as  the  rainy  S.W.  winds  of  the  extra-tropical  northern 
hemisphere  The  very  same  reasoning  applies  to  the  calm  belt  of 
Capricorn,  the  direction  of  the  winds  alone  being  different  Thus 
It  has  been  considered  that  the  winds  in  their  circuits  cross  in  the 
calm  regions. 

The  polar  calms  where  the  winds  cross  are  not  points  but  spaces 
ot  considerable  extent,  tlie  existence  of  which  is  proved  both  by  obser- 
vations and  theory,  for  Parry  and  Barrow  found  reasons  durinc.  their 
voyages  in  the  Arctic  Circle  to  believe  that  there  is  a  perpetual  calm 
at  the  N.  pole ;  Bellot  also  records  the  existence  of  a  calm  rec^ion  in 
tlie  frigid  zone  ;  and  Professor  J.  H.  Coffin,  by  a  laborious  investi- 
gation of  the  winds  of  the  northern  hemisphere,  has  determined  the 
region  of  N.  Polar  calms  to  be  situated  in  84°  N.  lat.  and  105°  W. 
long. ;  consequently  the  pole  of  the  winds  coincides  with  the  pole 
of  maximum  cold  determined  by  Sir  David  Brewster,  for  the  pole 
of  maximum  cold  is  no  more  a  point  than  the  pole  of  the  winds, 
but  an  area  of  some  extent.  The  great  currents  of  air,  like  the 
oceanic  rivers,  or  great  currents  of  the  sea,  both  unite  in  tempering 
the  excess  of  beat  in  the  tropics,  and  of  cold  in  the  jjolar  and  tem- 
perate regions. 

Eain-dust  has  been  most  wonderfully  the  means  of  proving  that 
the  trade  winds  after  meeting  at  the  equator  rise  up,  cross,  and  con- 
tinue their  course  as  upper  cim-ents.  A  brick-red  dust  has  fre- 
quently fallen  in  large  quantities  on  ships  in  the  Atlantic,  especially 
about  the  Cape  de  Verd  Islands,  which  was  supposed  to  be  brought 
by  the  winds  from  the  deserts  of  Africa ;  but  specimens  of  it  having 
been  examined  by  Professor  Ehrenberg,  from  the  Cape  de  Verd 
Islands,  from  Malta,  Genoa,  Lyons,  and  the  Tyrol,  he  found  that 
they  all  consisted  of  infusoria  and  organisms  whose  habitat  is  South 
America  ;  and  Captain  Maury  considers  it  'as  an  established  fact, 
that  there  is  a  perpetual  upper  current  of  air  from  South  America 
to  North  Africa,  and  that  the  volume  of  air  which  flows  to  the 
northward  in  these  upper  currents  is  nearly  equal  to  the  volume 
which  flows  to  the  southward  vrith  the  N.E.  trade  winds.'  Clouds 
carried  by  an  upper  current  are  frequently  seen  flying  in  a  contrarv 
direction  to  those  nearer  to  the  earth,  and  it  is  a  well  known  fact 
that  the  trade  winds  have  a  limited  vertical  extent  of  about  three 
miles,  and  that  at  a  certain  elevation,  on  the  top  of  the  Peak  of 
TenerifFe  for  example,  the  wind  blows  in  an  eutii-ely  contrary 
direction  from  that  prevailing  at  the  same  time  at  the  level  of  the 
sea.i 

Near  the  equator  the  trade  winds,  N.  and  S,  of  it,  so  completely 


1  In  the  Atlantic  the  S.E.  trade  wind  blows  witli  most  regularity 
between  10°  and  5°,  and  with  most  force  between  10°  and  15°  S.  lat. 
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ueutralise  each  other,  that  far  at  sea  a  candle  burns  -without  flicker- 
ing-. This  zone  of  calms  and  light  breezes,  known  as  the  Variables, 
is  subject  to  heavy  rains  and  violent  thunderstorms.  On  accoimt 
of  the  imequal  distribution  of  land  and  vs^ater  in  the  northern  and 
southern  hemispheres,  the  terrestrial  equator  is  not  the  line  of 
gTeatest  heat,  therefore  the  centre  of  the  zone  of  equatorial  calms  in 
question  does  not  coincide  -with  it,  but  runs  along  the  6th  parallel 
of  N.  lat. ;  ho-wever,  it  changes  in  position  and  extent  with  the 
declination  of  the  sun.  In  summer  it  is  found  between  the  paral- 
lels^8°  and  14°  N.  lat.,  and  in  sprmg  it  lies  between  5°  S.  and 
4°  jST .  lat.  In  fact,  the  whole  system,  including  the  calm  belts  at  the 
tropics,  the  trade  winds,  and  the  zone  of  equatorial  calms,  follows 
the  sun's  motion  in  declination,  moving  backwards  and  forwards 
annually  1000  m.  in  latitude,  nearly.  In  mid-ocean  in  the  At- 
lantic, the  no7-tk  trades  prevail  between  latitudes  9°  and  30°,  and 
in  the  Pacific  between  latitudes  9°  and  26° ;  and  the  south  trades 
in  the  Atlantic,  between  latitudes  4°  N.  and  22°  S.,  and  in  the 
Pacific  between  latitudes  4°  N.  and  2-3^  S.  These  limits  are, 
however,  not  stationary,  but  follow  the  sun,  advancing  northwards 
from  January  to  Jime,  and  retreating  southwards  from  July  to 
December. 

The  region  of  equatorial  calms  is  a  belt  of  about  4°  or  6°  in 
breadth,  stretching  across  the  Atlantic  and  the  Pacific,  generally 
parallel  to  the  equator.  It  has  a  lower  atmospheric  pressure  than' 
the  regions  of  the  trades,  and  it  is  subject  dailv  to  heavy  rains  and 
thunderstorms.  In  the  Indian  Oceaii  this  belt  of  calms  wholly 
disappears  during  the  S.W.  monsoon.^ 

Thus,  though  the  trade  winds  extend  to  the  28th  degree  on 
each  side  of  the  equator,  their  limits  vary  considerably  in  different 
parts  of  the  ocean,  moving  to  the  N.  or  S.,  according  to  the  position 
of  the  sun  ;  and  in  the  Atlantic  the  N.E.  trade  wind  is  less  steady 
than  the  S.E.  These  perennial  winds  are  known  by  recent  observa- 
tion to  be  less  uniform  in  the  Pacific  than  in  the  Atlantic ;  they 
only  blow  permanently  over  that  portion  between  the  Galapagos 
Archipelago,  off"  the  coast  of  America,  and  the  Marquesas.  In  the 
Indian  Ocean  the  S.E.  trade  wind  blows  fi-om  a  few  degi-ees  E.  of 
Madagascar  to  the  coast  of  Australia,  between  10°  and  28°  S. 
lat.  The  trade  winds  are  only  constant  far  from  land,  because 
the  diminished  atmospheric  pressure  fi-om  the  heating  elFects  of 
the  sun  on  continents  and  islands  combined  A^ith  the  rotation  of 
the  earth  changes  them  into  periodical  monsoons,  which  are  steady 
currents  of  air  in  the  Arabian  Gulf,  the  Indian  Ocean,  and  the 
(Jhina  beas. 


^  Buchan's  '  Handy  Book  of  Meteorology.'    2nd  Edition. 
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When  the  sun  has  crossed  the  equator,  and  his  vertical  ravs  fall 
on  th-e  extensive  and  arid  plains  of  Asia,  the  great  mass  of  super - 
incumbent  air,  being  highly  rarefied,  ascends,  and  winds  from  all 
neighbouring  regions  converge  to  this  space  by  in-draught.  But 
since  the  cabns  of  Cancer  do  not  extend  to  the  Indian  Ocean,  the 
S.E.  trade  winds  pass  into  the  northern  hemisphere  ;  and  as  they 
also  are  drawn  into  the  vortex  over  the  land  to  maintain  the  equili- 
,  brium,  they  are  deflected  from  their  course,  and  being  at  once 
acted  upon  by  the  in-draught  to  the  heated  plains  and  the  rotation  of 
the  earth,  they  become  S.  W.,  S.,  S.E.,  and  E.  monsoons  at  difterent 
points  on  the  coast  of  Asia.  But  as  soon  as  the  sun  passes  into  the 
southern  hemisjahere  the  Asiatic  plains  become  cool,  and  the  S.E. 
ti-ade  winds  resume  their  wonted  coiu-se,  and  from  October  to  April 
they  become  the  S.E.  monsoon,  so  that  the  S.E.  trade  wind  in  the 
Indian  Ocean  is  alternately  a  trade  wind  and  a  monsoon. 

The  influence  of  these  heated  plains  upon  the  winds  is  felt  for 
1000  m.  and  more  at  sea.  Thus,  though  the  Desert  of  Gobi  and. 
the  sunburned  plains  of  Asia  are  for  the  most  part  north  of  the 
latitude  of  30°,  their  influence  in  producing  monsoons  is  felt  S. 
of  the  equator.  In  like  manner  the  Central  American  monsoons  of 
the  Pacific  are  caused  by  the  heated  plains  of  Utah  and  Texas ; 
those  of  the  Mexican  Gulf  by  the  dry  lands  of  New  Mexico  ;  and 
the  monsoons  in  the  Gulf  of  Guinea  by  the  sandy  deserts  of  Africa. 
Thus  the  monsoons  are  not  occasioned  by  the  sun's  action  on  the 
sea,  but  by  his  action  on  the  land  ;  and  it  is  to  the  N.  of  the  N.E. 
trade  winds  that  most  of  these  deserts  lie.^  Similarly  also,  the 
heated  interior  of  Australia  causes  an  in-draught  of  air  diu-ing  the 
time  that  the  sun  is  S.  of  the  equator,  and  a  N.  W.  monsoon  caused 
by  the  reversal  of  the  S.E.  trades,  brings  rain  to  all  the  northern 
coast  of  that  island-continent. 

The  Society  and  Sandwich  Islands,  that  are  far  removed  from  any 
large  extent  of  land,  have  a  very  singular  but  marked  effect  upon 
the  wind.  They  interfere  with  the  trades  very  often,  and  turn 
them  back,  for  westerly  and  equatorial  winds  are  common  at  both 
these  groups,  but  they  are  local  and  of  little  extent. 

The  changes  of  the  monsoons  are  accompanied  by  heavy  rain  and 
violent  storms  of  thunder  and  lightning.  The  ascent  of  the  warm 
air  between  the  tropics  occasions  a  depression  of  the  barometer 
amounting  to  the  tenth  of  an  inch,  which  is  a  measure  of  the  force 
producing  the  trade  winds.*  In  both  hemispheres  there  is  a  regular 


1  'Physical  Geogr.aphy  of  the  Sea'  (Maury). 

2  Sir  John  Herschel  observed  that,  on  account  of  the  upper  flow  of 
heated  air  not  being  immediately  comppnsated  by  polar  currents,  iho 
barometer  is  two  tenths  of  an  inch  higher  at  the  tropics  than  at  the  equator. 
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variation  in  the  mean  height  of  the  barometer  within  the  zone  in 
which  these  great  aerial  currents  flow  ;  it  is  higher  at  their  polar 
limits,  and  decreases  with  extreme  uniformity  towards  their  equa- 
torial boundaries,  the  difference  in  both  hemispheres  being  0'65  of 
an  inch. 

The  unequal  temperature  of  the  land  and  sea  causes  Sea  Breezes 
which  blow  towards  the  land  during  the  daj^,  and  Land  Breezes 
which  blow  seaward  in  the  night :  the  former  are  by  much  the 
strongest,  for  the  difference  of  the  temperature  of  the  air  over  the 
land  and  over  the  sea  is  greater  during  the  day  than  in  the  night ; 
they  are  not  perceptible  in  the  mornings  and  evenings,  because  the 
temperature  of  the  land  and  water  is  then  nearly  the  same.  In 
the  eaiiy  morning  the  sea  is  calm  and  the  wind  at  rest ;  but  when 
the  sun  has  warmed  the  land  it  rarefies  the  air  above  it,  which 
ascends,  and  cool  air  from  the  ocean  comes  to  supply  its  place.  At 
fii'st  it  appears  far  off  as  a  fitful  dark  line  upon  the  glassy  sea ;  then 
it  comes  in  a  gentle  ripple,  which  by  degrees  freshens  into  a  brisk 
breeze,  changing  the  molten  surface  into  the  deepest  azure.  At 
sunset  the  land  begins  to  radiate  its  heat  into  space  ;  by  degrees  the 
breeze  dies  away,  till  the  air  over  the  earth  becomes  cooler  and 
heavier  than  that  over  the  sea,  and  a  land  wind  rises  which  lasts 
till  morning.  It  is  impossible  to  describe  how  grateful  these  breezes 
are  in  a  tropical  country — drooping  nature  revives  under  their 
benign  influence. 

The  trade  winds  and  monsoons  are  permanent,  depending  on  the 
motion  of  the  sun  ;  but  it  is  evident  from  theory  that  there  must 
be  partial  winds  in  all  parts  of  the  earth,  occasioned  by  the  local 
circumstances  that  affect  the  temperature  of  the  air.  Consequently 
the  atmosphere  is  divided  into  districts,  both  over  the  sea  and  land, 
in  which  the  winds  have  nearly  the  same  vicissitudes  from  year  to 
year.  The  regularity  is  gi-eatest  towards  the  tropics,  where  the 
causes  of  disturbance  are  fewer.  In  the  higher  latitudes  it  is  more 
difficidt  to  discover  any  regularity  on  accoimt  of  the  greater'  pro- 
portion of  land,  the  difterence  in  its  radiating  power,  and  the  greater 
extremes  of  heat  and  cold  ;  besides,  on  account  of  the  form  of  the 
earth,  the  extra-tropical  siu-face  winds  come  into  areas  vastly  less 
than  those  they  have  left,  consequently  they  are  compressed  or 
heaped  up,  which  makes  them  more  ready  to  come  into  conflict 
with  those  winds  that  may  be  raised  by  local  causes.  But  even  in 
these  latitudes  a  degree  of  uniformity  prevails  in  the  succession  of 
the  winds ;  for  example,  in  all  places  where  N.  and  S.  winds  blow 
alternately,  a  vane  veers  through  every  point  of  the  compass  in  the 


Ermason,  by  careful  observations  in  the  Pacific  and  Atlantic  Oceans,  makes 
this  difference  only  0-1.5  of  an  inch,  which  is  that  stated  in  the  text. 
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trausitioii,  and  in  some  places  the  wind  makes  several  of  these 
f^yrations  in  the  course  of  the  year.^  The  S.W.  winds  so  pre- 
valent in  the  Atlantic  Ocean  between  30°  and  60°  N.  lat.  are 
produced  by  the  under  currents  going  N.  from  the  calm  belt  of 
Cancer,  and  as  it  has  a  greater  rotatory  motion  than  the  earth 
in  these  latitudes,  it  produces  a  S.W.  wind.  On  this  account 
the  average  voyage  from  Liverpool  to  New  York  in  a  sailing  vessel 
is  40  days,  while  it  is  only  23  days  from  New  York  to  Liverpool. 
Tor  the  same  reason  the  average  direction  of  the  wind  in  Eng- 
land, France,  Germany,  Denmark,  Sweden,  and  North  America, 
is  some  point  between  S.  and  W.  N.W.  winds  prevail  in  the 
corresponding  latitudes  of  the  southern  hemisphere  from  the  same 
cause.  In  fact,  whenever  the  air  has  a  greater  velocity  of  rotation 
than  the  siu-face  of  the  earth,  a  wind  more  or  less  westerly  is 
produced  ;  and  when  it  has  less  velocity  of  rotation  than  the  earth, 
a  wind  having  an  easterly  tendency  results.  Thus  there  is  a  per- 
petual change  between  the  diflerent  masses  of  the  atmosphere,  the 
warm  air  tempering  the  cold  of  the  higher  latitudes,  and  the  cold 
air  mitigating  the  heat  of  the  lower  ;  it  will  be  shown  afterwards 
that  the  aerial  currents  are  the  bearers  of  elements  on  which  the 
life  of  the  animal  and  vegetable  world  depends. 

A  rapid  fall  in  the  barometer  is  an  invariable  sign  of  an  ap- 
proaching gale ;  so  certain,  that  no  ship,  much  less  a  f casting 
vessel  on  our  dangerous  coasts,  ought  to  be  without  one,  either  to 
give  warning  not  to  sail,  or  to  seek  immediate  shelter  if  at  s6a. 
This  simple  and  cheap  instrument  might  have  saved  hundreds  who 
have  annually  perished  in  the  British  seas.  A  sudden  and  great 
fall  in  the  mercm-y  is  also  a  fearful  presage  of  a  revolving  tempest 
or  hui-ricane. 

§  6.  Hurricanes. — Hurricanes  are  those  storms  of  wind  in 


1  In  the  northern  hemisphere  a  north  •wind  sets  out  with  a  less  rotatory 
iTiotion  than  the  places  have  at  which  it  successively  arrives,  consequently 
it  veers  through  all  the  points  of  the  compass  from  N.  to  N.E.  and  E.  If  a 
S.  wind  should  now  spring  up,  it  would  gradually  veer  from  S.  to  S.W. 
and  W.,  because  its  rotatory  velocity  would  be  greater  than  that  of  the 
places  it  successively  comes  to.  The  combination  of  the  two  would  cause 
a  vane  to  veer  from  E.  to  S.E.  and  S. ;  but  the  rotation  of  the  earth  would 
now  cause  the  soutli  wind  to  veer  round  from  S.  to  S.W.  and  W. ;  and 
should  a  north  wind  now  rise,  its  combination  with  the  west  wind  atouM 
bring  the  vane  round  from  \V.  to  N.W.  and  N.  again.  At  the  Greenwich 
Observatory  the  wind  makes  five  gyrations  in  that  direction  in  the  course 
of  a  year.  In  Europe  it  is  the  contention  of  the  N.E.  and  S.AV.  winds  which 
ciuises  the  rotation  of  the  wind  and  the  principal  changes  of  weather,  tlie 
S.W.  being  warm  and  moist,  the  N.E.  cold  and  dry,  ex.cept  where  it  comes 
over  the  North  Sea. 
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wliicli  the  portion  of  tlie  atmosphere  that  forms  them  revolves  in  a 
horizontal  circuit  round  a  vertical  or  somewhat  inclined  axis  of 
rotation,  while  the  axis  itself,  and  consequently  the  whole  storm, 
is  carried  forwards  along  the  surface  of  the  glohe,  so  that  the 
direction  in  which  the  storm  is  advancmg  is  quite  different  from 
the  direction  in  which  the  rotatory  cm-rent  may  be  blowing  at  any 
point ;  the  progressive  motion  may  continue  for.  days,  while  the 
wind  accomplishes  many  gyrations  through  all  the  points  of  the 
compass  in  the  same  time.  In  the  Atlantic  the  principal  region 
of  hun-icanes  is  to  the  E.  of  the  West  India  Islands,  and  in  the 
Indian  Ocean  to  the  E.  of  the  Island  of  Madagascar  :  consequently 
the  former  is  in  the  northern  hemisphere,  the  latter  in  the  southern  ; 
but  in  most  cases  the  storm  moves  in  an  elliptical  or  parabolic 
cmwe.  The  West  Indian  hm-ricanes  generally  have  their  origin 
eastward  of  the  Lesser  Antilles  or  Caribbean  Islands,  and  the 
western  voi-tex  of  their  path  near  the  tropic  of  Cancer,  or  about 
the  exterior  limit  of  the  N.E.  trade  wind.  The  motion  of  the  storm, 
before  it  reaches  the  tropic,  is  nearly  in  a  straight  line  from  S.E. 
to  N.  W.,  and  after  it  has  passed  the  tropic  from  S.W.  to  N.E.  the 
convexity  of  the  curve  is  turned  towards  Florida  and  the  Carolinas. 
In  the  South  Pacific  Ocean  the  body  of  the  storm  moves  in-  an 
exactly  opposite  direction.  The  hurricanes  which  originate  S.  of 
the  equator,  and  whose  initial  path  is  from  N.E.  to  S.W.,  turn  near 
the  tropic  of  Capricorn,  and  then  trend  fi-om  N.W.  to  S.E.,  so  that 
the  convexity  of  the  curve  is  turned  towards  Madagascar. 

The  West  Indian  hurricanes  occot  most  frequently  from  Julv 
to  October.  Typhoons  on  the  coasts  of  Hindostan  happen  from  Mav 
to  October,  most  often  in  July,  August,  and  September.  In  the 
South  Indian  Ocean  they  fall  between  November  and  May  during 
the  N.W.  monsoon  in  the  Indian  Archipelago. 

In  the  Atlantic  these  dreadful  storms  are  caused  by  the  irregu- 
larity in  the  temperature  of  the  Gulf  Stream  and  of  the  neio-hbourin? 
regions,  both  of  air  and  water.  A  difference  of  48°  rahi\  has  been 
observed  between  the  temperature  of  that  stream  and  the  air  on 
each  side  of  it,  whence  Captain  Maury  concludes  that  '  the  excess 
of  heat  daily  brought  into  such  a  region  by  the  waters  of  the  Gulf 
Stream  would,  if  suddenly  stricken  from  them,  be  sufficient  to  make 
the  column  of  the  superincumbent  atmospliere  hotter  than  melted 
iron.  Witb  such  an  element  of  atmospherical  disturbance  in  its 
bosom,  we  might  expect  storms  of  the  most  violent  kind  to  accom- 
pany it  in  its  course.  Accordingly,  the  most  terrific  that  rasre  in 
the  ocean  have  been  Imown  to  spend  their  fury  within  or  near  its 
borders.' 

The  extent  and  velocity  of  the  Atlantic  hurricanes  are  verv  great  • 
the  most  rapid  move  at  the  rate  of  45  m.  an  hour.    The  hurricane 
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wliich  took  place  on  August  12,  1830,  was  traced  from  tlie  east- 
ward of  the  Caribbean  Islands  to  the  banks  of  Newfoundland,  a 
distance  of  more  than  3000  m.,  which  it  passed  over  in  6  days. 
Although  that  of  September  1,  1821,  was  not  so  extensive,  its 
velocity  was  greater,  as  it  moved  at  the  rate  of  30  m.  an  hour. 
The  Bahama  hurricane  of  October  1866  moved  at  the  speed  of  30 
m.  an  hour,  when  it  was  nearing  Bermuda ;  but  the  violence  and 
destructiveness  of  the  hurricane  depend  not  on  the  velocity  with 
which  the  whole  storm  moves,  but  on  the  speed  with  which  the 
winds  whirl  round  and  in  upon  the  centre.  In  the  Bahama  hur- 
ricane this  was  at  the  rate  of  80  to  100  m.  an  hour,  and  for  short 
intervals  even  120  to  130  m.  an  hour,  a  velocity  like  that  which 
was  registered  during  the  Guadaloupe  hurricane  of  Se-ptember 
1865.  Small  storms  are  generally  more  rapid  than  those  of  great 
magnitude.  Sometimes  they  appear  to  be  stationary,  sometimes 
they  stop  and  again  proceed  on  tlieir  course,  like  water  spouts. 
Hurricanes  are  often  contemporaneous,  and  occur  near  to  one 
another.  This  happened  in  the  China  Seas  in  October  1840,  when 
the  two  storms  met  at  an  angle  of  47°,  and  it  was  supposed  that 
the  ship  *  Golconda '  foundered  in  that  spot  with  300  people  on 
board.  A  hurricane  has  been  split  or  divided  by  a  mountain  into 
two  separate  storms,  each  of  which  continued  its  new  course,  and 
the  gyrations  were  made  with  increased  violence.  This  occurred 
in  the  gale  of  December  25,  1821,  in  the  Mediterranean,  when  the 
Spanish  mountains  and  the  maritime  Alps  became  new  centres  of 
motion. 

The  whirling  motion  of  these  fearful  storms  begins  in  theliigher 
regions  of  the  atmosphere  before  it  is  felt  on  the  earth.  Diu-ing 
their  course  there  is  a  continual  intermixture  of  the  lower  and 
warmer  strata  of  air  with  those  that  are  higher  and  colder,  pro- 
ducing torrents  of  rain,  and  sometimes  violent  electric  explosions. 

The  rotation  as  well  as  the  course  of  the  storm  is  in  a  different 
direction  in  the  two  hemispheres,  though  always  alike  in  the  same. 
In  the  northern  the  gyratory  movement'  of  the  wind  is  from  E., 
through  the  N.,  to  W.,  S.,  and  E.  again ;  while  in  the  southern 
hemisphere  the  rotation  about  the  axis  of  the  storm  is  in  the  con- 
trarv  direction.  Hurricanes  happen  S.  of  the  equator  between 
December  and  April ;  in  the  West  Indies  between  June  and  October. 
Rotatory  storms  frequently  occur  in  the  Indian  Ocean,  and  the 
typhoons  of  the  China  Seas  are  real  hm-ricanes  of  great  violence. 
Both  conform  to  the  laws  of  such  winds  in  the  northern  hemisphere. 
The  Atlantic  storms  occasionally  reach  Spain,  Portugal,  and  the 
coast  of  Ireland.  Tremendous  storms  often  pass  over  Great  Britain, 
and  lesser  ones  often  occur  between  the  Chops  of  the  Channel  and 
Madeira.   A  "•reat  hurricane  passed  over  Ireland  and  the  west  coast 
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of  England  in  January  1839.  A  strong-  gale  had  blown  from 
S.S.E.  on  the  6tli,  when  ahout  10  in  the  evening  the  air  became 
calm  and  warm,  which  was  evidently  during  the  passage  of  the  axis 
of  the  storm,  for  soon  after  the  gale  was  renewed  with  the  utmost 
violence,  but  now  it  was  from  the  S.W.  and  W.S.W.,  and  on  the 
evening  of  the  7th  was  accompanied  by  snow,  thunder,  lightning, 
and  intense  cold.  At  Leeds,  70  m.  distant  from  the  Irish  Sea,  and 
separated  from  it  by  a  ridge  of  hills,  there  Avas  everywhere  a  saline 
deposit. 

Modern  investigations  have  shown  that  the  storms  of  Europe 
and  North  America  move  from  W.  to  E.,  or  from  S.W.  to  N.E., 
aud  that  the  -ndnds  circle  round  the  area  of  least  pressm-e,  with  a 
constant  tendency  to  tm-n'  inwards  towards  that  area. 

The  temperature  of  winds  depends  upon  the  nature  of  the  surface 
over  which  they  blow.  In  Em-ope  the  coldest  and  driest  wind  is 
from  the  N.  and  N.N.E. ;  in  America  it  is  from  the  N.  and  N.N.W., 
because  both  come  from  the  polar  ice,  aud  sweep  over  extensive 
tracts  of  land.  The  warm  and  moist  winds  in  Europe  are  from  the 
S.W.,  because  they  blow  over  a  great  extent  of  ocean,  especially  on 
the  western  side  of  the  continent.  The  Puna  winds,  which  blow 
on  the  barren  table-land  of  Puna  to  the  E.  of  Arequipa,  in  Peru, 
are  cold  dry  winds  which,  having  crossed  the  Cordilleras,  have 
become  parched  to  an  extent  which  has  no  equal  anywhere  in  the 
world.  When  a  mule  dies  in  crossing  these  plains  it  is  dried  to  a 
mummy  in  a  few  days.  In  this  district  the  ancient  inhabitants  of 
Peru  preserved  their  dead ;  and  travellers  have  to  protect  their 
faces  from  the  glare  and  heat  of  the  day,  and  the  intense  cold  of 
the  night. 

The  revolving  motion  accoimts  for  the  sudden  and  violent 
changes  observed  during  hurricanes.  In  consequence  of  the  rota- 
tion of  the  air,  the  wind  blows  in  opposite  directions  on  each  side 
of  the  axis  of  the  storm  ;  and  the  violence  of  the  blast  increases 
from  the  circumference  towards  the  centre  of  gyration,  but  in  the 
centre  itself  the  air  is  in  repose :  hence,  when  the' body  of  the  storm 
passes  over  a  place,  the  wind  begins  to  blow  moderately,  and  in- 
creases to  a  hurricane  as  the  centre  of  the  whiriwind  approaches  ; 
then  in  a  moment  a  dead  and  awful  calm  succeeds,  suddenly  fol- 
lowed by  a  renewal  of  the  storm  in  all  its  violence,  but  now  blowino- 
m  a  direction  diametrically  opposite  to  what  it  had  before  This 
happened  in  the  Island  of  St.  Thomas  on  August  2,  1837,  where  the 
humcane  increased  in  violence  till  half  past  seven  in  the  mornino- 
when  perfect  stillness  took  place  for  40  minutes,  after  which  the 
storm  recommenced  in  a  contrary  direction.  The  breadth  of  a 
hurncane  is  greatly  augmented  when  its  path  changes  its  direction 
m  crossmg  the  tropic.    In  the  Atlantic  the  vortex  of  one  of  these 
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tempests  lias  covered  an  area  from  000  to  1000  m.  in  diameter. 
The  diameter  of  the  storm  in  the  Southern  Indian  Ocean  is  gene- 
rally from  1000  to  1500  m. ;  and  the  general  rate  of  motion  is 
from  4  to  7  m.  an  hour.  The  breadth  of  the  lull  in  the  centre 
varies  from  5  to  30  m. ;  the  height  is  from  1  to  5  m.  at  most :  so 
that  a  person  might  see  the  strife  of  the  elements  from  the  top  of  a 
mountain  such  as  Teneriffe  or  Mauna  Loa,  in  a  perfect  cahu,  for 
the  upper  clouds  are  frequently  seen  to  be  at  rest  during  the 
hideous  turmoil  in  the  lower  regions.  When  the  centre  of  the 
Bahama  hun'icane  of  1866  passed  over  Nassau,  the  calm  lasted  an 
hour  and  a  half,  from  7.20  to  8.50  p.m.  At  7.30  the  clouds  in  the 
zenith  vs^hich  before  had  appeared  to  be  revolving  rapidly  rose, 
and  the  stars  appeared,  vs^hile  banks  of  clouds  remained  all  round 
the  horizon  in  heavy  dense  masses.  The  calm  covered  an  area  of 
23  m.  across. 

Tlie  sudden  fall  of  the  mercury  in  the  barometer  in  latitudes 
habitually  visited  by  hurricanes  is  a  certain  indication  of  a  coming 
tempest.  The  air  becomes  rarefied ;  and  as  the  atmosphere  is 
disturbed  to  some  distance  beyond  the  actual  circle  of  gyration,  or 
the  limits  of  the  storm,  the  barometer  often  sinks  some  hom-s  before 
its  arrival :  it  continues  sinking  in  the  first  half  of  the  hurricane, 
and  again  rises  during  the  passage  of  the  latter  half,  though  it  does 
not  attain  its  greatest  height  till  the  storm  is  over.  During  the 
West  Indian  hurricane  of  October  1,  1866,  while  the  storm  was 
passing  the  barometer  fell  0-7  inch  in  an  hour  •,  and  during  the 
hurricane  which  devastated  Guadaloupe,  September  6,  1866,  at 
Mai'ie  Galante  the  barometer  is  said  to  have  fallen  1-693  inch  in 
an  hour.  The  diminution  of  atmospheric  pressure  extends  over  a 
wider  area  in  the  temperate  zones  than  in  the  torrid. 

As  the  fall  of  the  barometer  gives  warning  of  the  approach  of  a 
hurricane,  so  the  laws  of  a  storm's  motion  aflbrd  to  the  seaman 
knowledge  to  avoid  it.  In  the  northern  temperate  zone,  if  the  gale 
begin  from  the  S.E.  and  veer  by  S.  to  W.,  the  ship  should  steer 
to  the  S.E.  ;  but  if  the  gale  begin  from  the  N.E.,  and  change 
through  N.  to  N.W.,  the  vessel  ought  to  go  to  the  N.W.  In  the 
northern  part  of  the  torrid  zone,  if  the  storm  begin  from  the  N.E. 
and  veer  through  E.  to  S.E.,  the  ship  shoidd  steer  to  the  N.E.;  but 
if  it  begin  from  the  N.W.  and  veer  by  W.  to  S.W.,  the  ship  should 
steer  to  the  S.W.,  because  she  is  on  the  south  western  side  of  the 
storm.  Since  the  laws  of  storms  are  reversed  in  the  southern 
hemisphere,  the  rules  for  steering  vessels  are  necessarily  reversed 
also.^ 

1  In  all  hiirricfines  hitherto  observed,  the  sinking  of  the  mercury,  and 
the  mcrease  of  the  wind,  have  been  more  or  less  regularly  progressive  till 
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A  heavy  swell  or  storm  wave  is  peculiarly  characteristic  of  these 
tempests.    In  the  centre  of  the  hurricane  the  pressure  of  th.e  atmo- 
sphere is  so  much  diminished  by  rotation  that  the  mercury  in  the 
barometer  falls  from  one  to  two,  and  even  two  and  a  half  inches. 
On  that  account  the  pressure  of  the  ocean  beyond  the  range  of  the 
wind  raises  the  water  in  the  centre  of  the  vortex  about  two  feet 
above  its  usual  level,  and  proportionally  to  the  degree  of  diminished 
pi-essm-e  over  the  whole  area  of  the  storm.    This  mass  of  water,  or 
storm  wave,  is  driven  bodily  along  with  or  before  the  tempest,  and 
rolls  in  upon  the  land  like  a  huge  wall  of  water.    It  is  similar  to 
the  earthquake  wave,  and  is  by  no  means  the  heaping  up  of  the 
water  after  a  long  gale.   Ships  have  been  swept  by  it  out  of  docks 
and  rivers,  and  it  has  sometimes  carried  vessels  over  reefs  and  banks 
so  as  to  land  them  high  and  dry :  this  happened  to  two  ships  on 
the  coast  of  the  Eastern  Andaman  Islands  in  1844.    Ooringa,  on  the 
Coromandel  coast,  is  particularly  subject  to  inundations  from  that 
cause.   In  1789  the  town  and  20,000  inhabitants  were  destroyed  by 
a  succession  of  these  great  waves  during  a  hurricane,  and  as  many 
perished  there  in  1839.    On  October  5,  1864,  a  great  storm  passed 
over  Calcutta,  and  the  storm  wave  which  accompanied  it,  rising 
10  ft.  above  the  highest  spring  tides,  laid  the  level  country  at  the 
mouth  of  the  Ganges  under  water,  and  caused  the  destruction  of 
45,000  pei-sons.     On  October  31,  1876,  one  of  the  most  de- 
structive cyclones  on  record  visited  Lower  Bengal,  and  in  the 
districts  of  Ohittagong,  Noakholly,  and  Backingunge,  destroyed 


witliin  three  or  four  hours'  sail  of  the  centre  of  the  storm  ;  and  in  one 
class  they  have  continued  so  even  to  the  centre  ;  while  in  another  class, 
and  by  far  the  most  terrible,  the  depression  of  the  mercury  has  been  sudden 
and  excessive  when  within  that  distance  of  the  centre,  and  the  violence  of 
the  tempest  far  beyond  the  average.  When  a  ship  is  within  50  or  60  miles, 
of  the  centre,  the  stonn  has  the  mastery,  and  seamanship  is  of  little  avail. 
Eules  for  avoiding  this  calamity,  and  for  managing  a  ship  when  involved 
in  a  hurricane,  are  fully  explained  in  the  '  Hurricane  Guide '  by  William 
Kadcliff  Birt,  published  under  the  sanction  of  the  Admiralty,  in  19^0 
London,  1850  ;  and  in  the  '  Sailors'  Horn-Book  for  the  Laws  of  Storms  ' 
by  H.  Piddington,  Esq.,  President  of  the  Marine  Courts  of  Inquirv  at 
Calcutta.  '■ 

Professor  Dove  has  proposed  a  very  ingenious  explanation  of  the  ori-rin 
of  rotatory  storms  by  lateral  currents  in  the  upper  atmosphere,  produced 
by  the  overflow  occasioned  by  ascending  currents  over  highly  heated 
districts  (See  Report  of  R.  S.  to  Gov.  on  Meteorological  Observations)  • 
whilst  Mr.  Birt  has  united  in  a  very  abridged  and  useful  form  the 
practical  information  collected  by  the  authors  who  preceded  his  little 
essay  on  Hurricanes.  Of  late  years  this  subject  has  occupied  much 
attention  in  India  and  the  United  States,  as  well  as  in  European 
countries.  ^ 
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upwards  of  215,000  souls.  There  were  no  signs  of  clanger  up  to 
eleven  o'cloclc  on  the  night  of  the  catastrophe,  hut  hefore  midnight 
the  storm  wave  had  swept  over  the  islands  of  Dakhin,  Sliahah- 
hazpur,  ITattiah,  and  Simdeep,  to  a  depth  in  places  of  20  ft.  It 
also  extended  some  5  or  6  m.  inland. 

Besides  storm  waves,  storm  currents  are  raised,  which  revolve 
with  the  rotation  of  the  wind,  and  are  of  the  greatest  force  near  the 
centre  of  the  vortex.  The  rise  of  the  sea,  hy  the  pressure  of  the 
surrounding  ocean  and  the  irresistible  fm'v  of  the  wind,  makes  a 
tremendous  commotion  in  the  centre  of  the  storm,  where  the  sea 
rises,  not  in  waA'^es,  hut  in  pyramidal  masses.  The  noise  during  its 
passage  resembles  the  deafening  roar  of  the  most  tremendous 
thunder ;  and  in  the  Typhoom  in  the  China  seas  it  is  like  number- 
less voices  raised  to  the  utmost  pitch  of  screaming.  In  general 
there  is  very  little  thunder  and  lightning  ;  sometimes  a  vivid  flash 
occurs  during  the  passage  of  the  centre,  or  at  the  beginning  of  the 
storm ;  yet  in  Barbadoes  the  whole  atmosphere  has  been  enveloped 
in  an  electric  cloud. 

A  thick  lurid  appearance,  with  dense  masses  of  cloud  in  the 
horizon,  ominous  and  terrible,  are  the  harbingers  of  the  coming 
tempest.  The  sun  and  clouds  frequently  assume  a  fiery  redness, 
the  whole  slcy  takes  a  wild  and  threatening  aspect,  and  the  vsdnd 
rises  and  falls  with  a  moaning  soimd,  like  that  heard  in  old  houses 
on  a  winter's  night.  It  is  akin  to  the  calling  of  the  sea,'  a  melan- 
choly noise  which,  in  a  dead  calm,  presages  a  storm  on  some  parts 
of  the  English  coast. 

Those  intensely  violent  gales,  of  short  duration,  called  Arched 
Squalls,  because  they  rise  from  an  arch  of  clouds  on  the  horizon, 
are  not  rotatory  :  they  occur  in  the  Strait  of  Malacca,  attended  by 
fierce  thunder  and  lightning  and  a  lurid  phosphorescent  gleam. 
The  N.W.  gales  in  the  Bay  of  Bengal,  the  Tornadoes  on  the 
African  coast  and  the  Pamjjcros  of  the  Eio  de  la  Plata,  are  of  the 
same  nature.  The  Tamfero  blows  in  summer  from  the  Andes 
across  the  pampas  of  Buenos  Ayres  to  the  sea  coast.  It  is  a  dry 
wind,  bringing  clouds  of  dust  and  drying  up  the  vegetation  of  the 
pampas.  On  an  average  a  strong  gale  moves  at  the  -rate  of  40  m. 
an  hour,^  a  storm  at  about  59,  and  hurricanes  at  90.^  Deserts, 
especially  those  of  Africa  and  Asia,  are  subject  to  intensely  hot 
vidnds  of  short  duration,  frequently  fatal  to  exhausted  travellers : 


1  The  average  rate  of  motion  of  Europenn  storms  is  about  18  m.  .•ii' 
hour  ;  sometimes  the  rate  is  only  1.5  m.  an  hour,  whilst  on  rare  occixsioiiG 
it  is  as  great  as  45  m.— Buchan'.s  '  Meteorolo-y.' 

2  A  plan  of  conveying  warnings  of  approaching  storms  was  mvented  by 
the  late  Admiral  FitzRoy,  and  was  in  operation  for  some  time. 
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of  these  the  Simoom  and  Sand  Wind  are  the  most  formidable.  A 
red  lurid  appearance  in  the  atmosphere,  caused  by  the  quantity  of 
burning  sand  raised  by  the  wind,  gives  warning  of  their  approach  ; 
everything  is  scorched  in  their  passage,  and  breathing  becomes 
painful.  It  is  probably  owing  to  the  sand  wafted  by  them,  and  to 
theu-  parching  dryness,  that  these  winds  are  so  deleterious,  and  not 
only  to  their  temperature,  since  air  heated  to  a  much  higher  degree 
may  be  breathed  with  impunity,  as  was  proved  by  Sir  Joseph 
Banks  and  by  Sir  Francis  Ohantrey,  in  an  atmosphere  raised  to 
more  than  300°  Fahr.  The  simoom  generally  blows  from  6  to  24 
hours,  but  sometimes  it  continues  for  2  or  S  days,  when  it  comes  in 
gusts  driving  clouds  of  sand ;  nothing  can  withstand  it.  There  can 
be  no  doubt  that  sudden  changes  of  temperature  occasion  these  for- 
midable winds. 

Hot  winds  from  Africa  blow  in  all  the  neighboming  countries  ; 
but  receive  miportant  modifications  from  the  nature  of  the  country 
over  which  they  pass.  The  hot  moist  Sirocco  blows  in  Sicily, 
South  Italy,  Turkey  (where  it  is  called  the  Samiel,  on  account  of 
its  reputed  poisonous  nature),  and  even  to  the  shores  of  the  Black 
and  Caspian  Seas  and  the  Steppes  beyond  the  Volga.  The  Spanish 
Solano  is  hot  and  loaded  with  fine  dust,  and  the  Harmattan  of 
Guinea  and  Senegambia,  under  the  infiuence  of  which  no  dew  falls 
withers  up  vegetation  between  December  and  February.  The  low 
atmospheric  pressure  to  the  S.  and  the  high  pressure  in  the  interior 
of  North  America  during  winter  combine  to  cause  the  dry,  cold 
and  violent  winds  called  '  Northers,'  which  prevail  from  September 
to  March  in  the  Gulf  of  Mexico.  The  violence  of  the  winds  in  the 
S.  of  Europe— the  result  of  the  difierences  in  temperature  of  the 
Alps,  the  Mediterranean,  and  Africa— is  notorious.  The  cold, 
tempestuous  Bora,  which  sweeps  from  the  Julian  Alps  over  the 
Adriatic,  and  the  violent  Mistral,  which  blows  from  France  down 
on  the  Gulf  of  Lyons,  are  two  of  these  winds. 

Whirhovnds  are  frequent  in  tropical  countries,  especially  in 
deserts;  sometimes  several  are  seen  at  one  time  in  the  Arabian 
deserts,  of  all  sizes,  from  a  few  feet  to  some  hundred  yards  in 
diameter.  They  occur  in  all  kinds  of  weather,  by  night  as  well  as 
by  day,  and  come  without  the  smallest  notice,  rooting  up  trees 
overwhelming  caravans,  and  throwing  down  houses ;  and  as  they 
produce  waterspouts  when  they  reach  the  sea,  they  dismantle  and 
even  sink  ships.  Pillars  of  sand  are  often  raised  by  them  on  the 
Alncan  deserts  two  or  three  huncbed  feet  high.  In  Nubia  Bruce 
saw  eleven  advancing  towards  him  with  considerable  swiftness 
It  was  vain  to  think  of  iiying  where  the  speed  of  the  swiftest 
horse  could  have  been  of  no  avail,  and  that  conviction  riveted  him 
on  the  spot.     They  retreated,  leaving  him  in  a  state  of  mind 
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between  fear  and  astonishment,  to  which  he  could  give  no  name. 
Whirlwinds  advance  with  a  loud  rushing  noise,  and  are  frerj[uently 
attended  by  electrical  explosions.  At  the  close  of  the  storm  a  fall 
of  rain  generally  takes  place.  Dust  whirlwinds  prevail  in  India 
and  Nubia.  Sir  S.  Baker  describes  those  of  Nubia  in  April, 
INfay,  and  June  : — '  I  have  frequently  seen  many  such  columns  at 
the  same  time  in  the  boundless  desert,  all  travelling  or  waltzing  in 
various  directions,  at  the  fitful  choice  of  each  whirlwind :  this 
vagrancy  of  character  is  an  undoubted  proof  to  the  Arab  mind  of 
their  independent  and  diabolical  nature.'  The  waterspouts  so 
frequently  seen  on  the  ocean  originate  in  adjacent  strata  of  air  of 
different  temperatures,  running  in  opposite  directions  in  the  upper 
regions  of  the  atmosphere.  They  condense  the  vapour,  and  give 
it  a  whirling  motion,  so  that  it  descends  tapering  to  the  sea  below, 
and  causes  the  spray  of  the  agitated  water  to  ascend  in  a  pointed 
spii-al  till  it  joins  that  from  above,  and  then  it  looks  like  two 
inverted  cones,  being  thinner  in  the  middle  than  either  above  or 
below.  When  fully  formed  they  appear  as  tall  pillars  stretching 
from  the  sea  upwards  to  the  clouds,  and  exhibiting  the  same 
whirling  round  their  axis,  and  the  same  progressive  movement  of 
the  mas's  as  in  dust  whirlwinds.  When  a  waterspout^  has  a  pro- 
o-ressive  motion,  the  upper  and  under  part  must  move  in  the  same 
direction,  and  with  equal  velocity;  otherwise  it  breaks,  which 
I'requently  happens. 


CHAPTER  XXIV. 

ATMOSPHEKIC  PHENOMENA — continued. 

§  1  Evaporation.— Moisture  is  evaporated  in  an  invisible 
form  from  every  part  of  the  land  and  water,  and  at  all  temperatures, 
even  from  snow.  Dr.  Darwin  mentions  that  the  snow  once 
entirely  disappeared  from  the  Nevado  of  Aconcagua,  m  Ohile, 
from  evaporation  under  a  cloudless  slry  and  an  excessively  dry 
air  The  vapour  rises  and  mixes  with  the  atmosphere ;  and  as 
its"  pressure  and  density  diminish  with  the  height  above  the 
surface  of  the  earth,  in  consequence  of  gravitation,  there  is  abso- 
lutely less  moisture  in  the  higher  than  in  the  lower  regions  of 
the  air.^   

1  The  humidity  of  the  air  is  measured  hy  th^  Hygrometer,  m  inshni- 
ment  .'.ich  shows'the  rapidity  of  evaporalion  at  all  temperatures  ;  for  the 
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The  trade  winds  promote  evaporation,  for  as  soon  as  the  vapour 
is  formed  they  carry  it  off,  otherwise  the  atmosphere  would 
become  saturated,  and  no  more  would  rise.  From  the  surface  of 
the  whole  giohe  it  has  heen  computed  that  186,240  cubic  m.  of 
water  is  annually  raised  in  the  form  of  vapour,  and  annually 
descends  in  rain,  hail,  and  snow.  The  air  is  the  storehouse,  the 
winds  the  swift  messengers  who  carry  it  to  water  the  land  and 
feed  the  rivers.  The  power  of  the  sim  and  air  to  raise  and  carry 
this  immense  mass  must  be  enormous.  It  is  on  the  same  stu- 
pendous scale  in  which  all  the  mighty  operations  of  natui-e  are 
conducted. 

There  are  about  25  millions  of  sq.  m.  of  sea  in  the  northern 
hemisphere,  and  nearly  75  in  the  southern ;  besides,  the  zone  of 
the  S.E.  trade  winds  is  much  greater  than  the  northern,  and 
covers  three  times  as  much  water :  yet  the  mean  annual  amount  of 
rain  in  the  northern  hemisphere  is  probably  about  37  inches,  and 
26  in  the  southern ;  for  the  vapour  from  the  great  reservoirs  at 
the  equator  and  the  southern  hemisphere  is  wafted  by  the  S.E. 
trade  wind  in  the  upper  regions  of  the  atmosphere  tiU  it  comes  to 
the  calms  of  Cancer,  where  it  sinks  down  and  becomes  a  S.  and 
S.W.  surface  wind,  and  then  the  condensation  begins  that  feeds  all 
the  greatest  rivers  in  the  world.  The  atmosphere  is  much  more 
unstable  in  the  northern  hemisphere  with  its  excess  of  laud,  thau 
in  the  southern  with  its  excess  of  water.  Rains,  fogs,  thunder, 
calms,  and  storms,  all  occur  much  more  frequently,  and  are  much 
more  irregidar  also  as  to  time  and  place,  on  this  side  than  they  are 
on  the  other  side  of  the  equator.  The  evaporation  is  greatest 
between  the  tropics,  from  the  excess  of  heat  and  the  preponderance 
of  the  ocean,  and  its  average  quantity  decreases  from  thence  to  the 
Poles.  Over  the  open  sea,  in  all  latitudes,  the  air  contains  a  larger 
proportion  of  moistiu'e  than  in  the  interior  of  the  continents  ;  the 
evaporation  diminishing  from  the  coasts  to  the  interior  of  the 
latter :  so  that  in  the  interior  of  the  United  States  of  North 
America,  in  the  deserts  of  Asia,  and  in  the  interior  of  Australia, 
the  aqueous  vapour  contained  in  the  air  is  very  small.  There  is 
scarcely  any  evaporation  in  the  deserts  of  Africa,  and  the  extreme 


rate  of  evaporation  is  in  proportion  to  the  dryness  of  the  atmosphere,  and 
is  nearly  in  tlie  inverse  ratio  of  the  density.  When  the  evaporation  is 
bek)w  .30°  on  the  scale  of  the  hygrometer  the  air  is  very  dry,  when  above 
80°  it  is  intensely  damp.  The  most  accurate  mode  of  determining  the 
C|uantity  of  moisture  in  the  air  is  by  the  wet-hulb  thermometer,  which 
.shows  the  temperature  of  evaporation  ;  hence  the  temperature  at  which 
the  atmosphere  is  saturated  with  humidity  is  easily  found  in  the  tables, 
Daniel's  Hygrometer  and  August's  Psychrometer  are  to  a  certain  degree 
founded  on  this  principle. 
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heat,  increased  by  the  highly  heated  sand,  opposes  aqueous  pre- 
cipitations ;  and  as  the  winds  which  blow  over  it  increase  iu 
temperature  and  so  become  drier,  this  land  is  doomed  to  per- 
petual sterility.  The  air  over  the  steppes  of  Siberia  is  lilfe- 
wise  nearly  devoid  of  moisture.  A  very  great  degree  of  dryness 
was  observed  by  M.  Ermann  between  the  valleys  of  the  Irtish 
and  Ob,  after  a  continued  S.W.  wind  with  a  temperatm-e  of  74°'7 
Fahr. 

Throughout  all  the  countries  in  the  northern  hemisphere  where 
observations  have  been  made  on  the  variations  of  atmospheric 
moisture,  it  appears  that  the  air  contains  absolutely  less  vapour  in 
Januarj^thpn  in  any  other  month  of  the  year,  yet  at  that  time  there 
is  the  greatest  dampness  to  our  sensations  ;  while  in  Jidy  the  air 
feels  driest,  although,  on  account  of  the  heat,  evaporation  is  the 
greatest.    In  summer  the  dew  point  is  much  further  below  the 
temperature  of  the  air  than  in  winter,  hence  the  air  is  drier.   If  the 
temperature  of  air  containing  a  certain  amomit  of  vapour  is  raised, 
its  relative  humidity  becomes  less,  and  to  the  sensation  it  is  drier. 
The  proportion  of  vapour  iu  the  air  varies  generally  with  the 
direction  of  the  wind :  in  Europe  it  is  greatest  in  a  S.W.  wind,  and 
least  in  a  N.E.  and  N.W. ;  the  former,  being  part  of  the  equatorial 
current  drawn  down  to  the  surface  of  the  globe,  comes  warm  and 
moist  over  the  Atlantic,  while  the  northern  wind  blows  dry  and 
cold  from  the  pole.    The  moisture  in  the  atmosphere  obstructs 
the  free  passage  of  the  heat  resulting  both  from  solar  and  from 
terrestrial  radiation.    This  is  one  of  the  most  important  of  the 
purposes  served  b}'^  the  moisture  in  the  atmosphere.   If  the  air  con- 
tained no  moisture,  the  radiation  from  the  earth's  surface  during 
the  night  would  be  so  rapid  and  excessive  that  all  living  things 
would  be  destroyed.    Mountainous  countries  where,  owing  to  the 
elevation,  there  is  a  comparatively  small  amount  of  aqueous  vapom- 
in  the  atmosphere,  feel  the  effects  of  comparatively  unobstructed 
radiation.    The  traveller  over  snow  fields  is  scorched  by  the  blaze 
of  the  sun.    In  polar  regions  also  the  intense  heat  of  the  sun's 
rays  is  the  result  of  the  want  of  vapour  in  the  atmosphere.  When 
the  moisture  is  abundant  and  the  tension  great,  which  is  often  the 
case  before  rain,  the  air  is  very  transparent,  and  distant  objects 
appear  nearer,  and  all  their  details  are  more  distinctly  seen  :  from 
this  circumstance  the  clearer  view  of  distant  mountains  and  head- 
lands indicates  wet  weather.     Very  dry  air  is  also  exceedingly 
transparent,  as  on  the  tops  of  very  lofty  mountains,  and  in  sandy 
deserts,  where  the  stars  are  seen  to  shine  with  uncommon  lustre, 
and  the  brighter  planets  are  visible  in  the  daytime.    On^  aceomit 
of  the  heat  the  air  between  the  tropics  contains  more  moisture 
than  elsewhere ;  and  were  it  not  for  the  amount  of  evaporation 
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the  warmth  there  would  be  greater  than  it  is,  for  a  depression  of 
temperature  takes  place  during  evaporation  by  the  absorption  of  the 
heat,  which  thus  becomes  insensible  to  the  feelings  and  to  the  . 
thermometer.  The  evaporation  and  consequent  absorption  of  heat 
mav  be  so  rapid  as  to  produce  intense  cold  ;  upon  this  principle  the 
speedy  evaporation  of  ether  or  chloroform  by  means  of  a  current  of 
air  will  freeze  water  upon  the  outside  of  the  vessel  in  which  either 
of  these  volatile  liquids  is  contained. 

The  quantity  of  atmospheric  moisture  varies  also  with  the 
hotu-s  of  the  day  and  night.    In  early  morning  the  evaporation 
accmnulates  near  the  surface  of  the  ground  from  the  resistance  of 
the  air  above  it  to  its  free  diffusion,  but  as  the  sim  rises  above  the 
horizon  and  warms  the  earth  the  air  becomes  rarefied  and  ascends, 
carrying  the  vapom-  with  it ;  so  that  the  quantity  near  the  ground 
is  diminished  till  evening,  when,  on  account  of  the  lowness  of  the 
temperature,  the  ascending  cim-ents  cease  and  the  air  becomes 
loaded  with  vapour  and  deposits  its  excess  in  the  shape  of  dew  or 
hoar  frost.    For  in  the  night  the  earth  radiates  part  of  the  heat  it 
received  during  the  day  through  the  atmosphere  into  space,  and 
the  temperatm-e  of  the  bodies  on  its  sm-face  sinks  below  that  of 
the  air,  and  by  abstracting  part  of  the  heat  which  holds  the 
humidity  of  the  air  in  solution  a  deposition  takes  place.  The 
(letv  point  is  the  temperature  at  which  vapour  is  deposited  on 
bodies  colder  than  itself,  but  before  any  deposition  takes  place  the 
air  must  be  saturated  with  moisture  at  the  temperature  of  the 
body  upon  whicli  the  dew  is  deposited.    It  is  very  abundant  on 
the  shores  of  continents,  but  it  is  not  deposited  on  small  islands  in 
the  midst  of  large  seas,  because  on  them  the  dilFerence  between 
the  temperature  of  the  day  and  the  night  is  not  sufficiently  great. 
Dalton  estimated  that  the  quantity  of  dew  that  falls  in  England 
annually  would  form  a  bed  of  water  uniformly  spread  over  the 
whole  kingdom  of  five  inches  in  depth.    If  the  temperature  fall 
t-i  or  below  32°,  the  dew  is  frozen  and  becomes  hoar  frost,  which 
is  the  ice  of  dew.    Clouds  and  winds  are  unfavourable  for  the 
formation  of  dew  ;  the  former  by  preventing  the  free  radiation 
of  heat  into   space,  and  the  latter  by   constantly  renewing 
the  air  in  contact  with  the  ground,  and  thus  preventing  the 
temperature  from  falling  sufficiently  low.     Actual  contact  is 
necessary  for  its  formation,  as  it  is  never  suspended  in  the  air  like 
fog.    Dew  falls  in  calm  serene  nights,  but  not  on  all  substances 
indifiBrently ;   it  wets  them  in  proportion  to  their  powers  of 
radiation,  leaving  those  dry  that  radiate  feebly  or  not  at  all.  Dew 
is  most  abundant  on  coasts ;  in  the  interior  of  continents  there  is 
very  little,  except  near  lakes  or  rivers.    When  dew  is  congealed 
into  hoar  frost  it  forms  beautiful  crystals,  and  the  cold  which 
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produces  it  is  veiy  hurtful  to  vegetation,  but  the  slightest  covering 
preserves  plants  from  its  effects. 

When  the  atmosphere  is  so  saturated  with  the  vapour  of  water 
that  it  is  precipitated  in  the  air  itself,  a  focf  is  the  result,  which  is 
supjposed  to  consist  of  small  globular  particles  of  water.  When  dew 
is  formed,  the  earth  is  colder  than  the  air  in  contact  with  it ;  but 
the  case  is  exactly  the  contrary  when  fogs  take  place,  the  moist  soil 
being  warmer  than  the  air.  In  countries  where  the  soil  is  moist  and 
warm,  and  the  air  damp  and  cold,  thick  and  frequent  fogs  arise,  as 
in  England,  where  the  coasts  are  washed  by  a  sea  of  elevated  tem- 
perature from  the  Gulf  Stream,  and  the  excess  of  the  heat  of  the 
Gulf  Stream  above  the  cold  moist  air  is  the  cause  of  the  perpetual 
foe  ;8  in  Newfoundland,  and  on  the  approach  of  winter  those  dense 
fogs,  known  to  seamen  as  frost  smoke,  steam  from  the  Polar  Ocean 
till  it  is  frozen  over.  Fogs  rarely  occur  at  sea  between  the  paral- 
lels of  30°  N.  and  S.  lat.,  that  is,  over  nearly  half  the  globe. 
For  one  fog  within  these  limits  in  the  Atlantic,  no  less  than 
83  take  place  on  the  polar  side  ;  and  although  these  fogless  regions 
are  occasionally  subject  to  hurricanes,  a  gale  of  wind  is  very 
rare.' 

§  2.  Clouds. — Superior  to  all  these  phenomena,  and  at  a  con- 
siderable height  above  the  earth,  the  air  is  very  dry,  because  under 
ordinary  circumstances  the  vapour  ascends  in  a  highly  elastic  and 
invisible  state  till  it  reaches  a  stratum  of  air  of  lower  temperature, 
and  then  it  is  condensed  into  clouds.    The  region  of  doiuls  is  a 
zone  at  a  height  varying  from  1300  to  21,320  ft.  (according  to 
Kamtz's  measurements)  above  the  sm-face  of  the  earth.  Balloon 
ascents  have,  however,  found  that  this  height  is  much  too  small. 
Gay-Lussac,  when  at  a  height  of  23,000  ft.,  saw  clouds  floating 
apparently  at  a  great  height  above  him,  and  Mr.  Glaisher  has 
made  the  same  observation.    It  is  probable  that  the  cirrus  clouds 
are  often  10  m.  above  the  earth.    From  friction  and  other  causes 
the  currents  of  air  in  the  lower  parts  of  that  zone  run  horizontally 
on  each  other,  often  in  different  and  frequently  in  opposite  direc- 
tions ;  and  as  they  generally  differ  in  moisture,  temperatm-e,  and 
velocity,  the  colder  condense  the  invisible  vapour  in  the  warmer 
and  make  it  apparent  in  the  form  of  a  cloud,  which  differs  in  no 
respect  from  a  fog,  except  that  one  floats  high  in  the  air,  while  the 
other  rests  on  the  ground.    When  a  heavy  and  dry  wind  begins 
to  set  in  or  take  the  place  of  a  moist  or  light  wind,  it  generally 
does  so  by  edging  itself  beneath  the  moist  wind  and  forcing  it 


1  In  the  North  Atlantic  the  foggy  and  stormy  latitudes  are  between  45° 
and  G0°  N.,  and  in  the  South  Atlantic  the  most  foggy  region  is  between 
60°  and  G0°  S.  lat.,  the  most  stormy  between  60°  and  65°. — Captain  Maury. 
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wedgeways  into  the  upper  regions  of  the  atmosphere,  where  con- 
densation rapidly  follows,  and  dense  black  clouds,  often  heavily 
charged  with  rain,  are  formed.  In  Britain  the  heavy  E.  or  polar 
current  thrusts  high  up  into  the  air  the  rain-bringing  S.W. 
wind,  causing  it  to  darken  the  sky  and  pour  down  torrents  of 
rain.^ 

In  the  balloon  ascents  at  Kew  it  was  observed  that  the  cloud 
region  there  is  from  2000  to  6500  ft.  above  the  surface  of  the 
earth,  that  its  thickness  varies  from  2000  to  3000  ft.,  and  that  the 
temperatm-e  at  the  top  is  the  same  with  that  at  the  bottom  of  the 
stratum.  The  cloud  region  of  the  trade  winds  is  from  3000  to  5000 
ft.  high,  and  it  is  generally  higher  over  the  sea  than  over  the  land 
for  the  same  amount  of  vapoiu-  in  the  wind.  In  the  N.  temperate 
zone  the  cloud  region  is  high  over  the  land  and  low  over  the  water ; 
and,  as  a  rule,  the  farther  inland  the  drier  the  air  and  the  higher 
the  cloud  region. 

At  moderate  heights  clouds  consist  of  vapour ;  but  at  great  eleva- 
tions, where  the  cold  is  severe,  they  are  an  assemblage  of  minute 
crystals  of  ice.  The  particles  of  which  clouds  are  composed  undergo 
constant  renewal  or  change.  As  Espy  has  said,  every  cloud  is  either 
a  forming  or  a  dissolving  cloud.  When  it  is  connected  with  an 
ascending  cm-rent  it  increases  in  size,  is  dense  at  the  top,  and  well 
defined  in  its  outlines  ;  but  when  the  ascending  current  ceases  and 
the  particles  begin  to  fall  through  the  air  by  their  weight,  the  cloud 
diminishes  in  size  and  density.  Clouds  near  the  earth  take  the 
contour  of  the  land  over  which  they  are  formed.  Above  the  lower 
stratum  of  clouds  there  is  frequently  a  clear  space  of  air,  above 
which  are  more  clouds,  then  another  clear  space,  and  so  on  in  suc- 
cession. The  appearance  of  the  clouds,  as  seen  in  balloon  ascents, 
is  often  very  gorgeous. 

Clouds  assume  three  primary  characters,  from  whence  four 
subordinate  forms  are  derived.  The  cirrits,  or  cat's-tail  of  sailors, 
is  the  highest ;  it  sometimes  resembles  a  white  brush,  at  other  times 
it  consists  of  horizontal  bands  of  slender  silvery  filaments.  It  is 
probable  that  they  consist  of  minute  spicules  of  ice  or  flakes  of  snow. 
The  cirri  for  the  most  part  arrange  themselves  in  parallel  bands 
which,  by  the  effects  of  perspective,  converge  to  opposite  points  in 
the  horizon,  and  as  they  travel  in  their  longitudinal  direction  they 
appear  to  be  stationary.  In  the  middle  and  higher  latitudes  of 
the  northern'  hemisphere  they  often  trend  from  S.W.  to  N.E. 
In  Scotland  they  have  been  observed  to  advance  from  S.W. 
to  N.W.  towards  N.E.  to  S.E.  It  is  supposed  that  their  pa- 
rallel form  arises  from  their  being  conductors  between  two  foci 


1  Buchan's '  Meteorology.^ 
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of  electricity,  but,  whatever  the  cause  of  this  aiTangement  may 
be,  it  is  very  general;  they  are  supposed  by  Humboldt  and 
Arago  to  be  connected  vp-ith  the  phenomena  of  the  aurora. 
Among  these  clouds,  which  occasionally  appear  like  fleecy  cotton 
or  wool,  halos  and  parhelia  are  formed  which  often  precede  a 
change  of  weather  announcing  rain  in  summer,  in  winter  frost 
and  snow. 

Cumuli  or  summer  clouds  are  rounded  forms,  resembling 
mountains  covered  with  snow.  They  are  formed  by  asceudmg 
currents  of  warm  air  which  rise  from  the  heated  groimd,  and 
they  are  the  clouds  of  day.  They  are  of  dense  structure,  are 
formed  in  the  lower  regions  of  the  atmosphere,  and  are  carried 
along  in  the  current  next  the  earth  ;  sometimes  they  rise  and 
cover  the  whole  sky,  and  in  the  evening  they  frequently  become 
more  numerous  and  of  deeper  tint,  passing  into  denser  forms  which 
presage  storm  or  rain. 

The  stratus  is  the  third  of  the  primary  characters  of  clouds :  it  is 
a  horizontal  baud,  which  forms  at  sunset  and  vanishes  at  sunrise ; 
it  is,  therefore,  the  cloud  of  night ;  it  includes  all  the  mists  which 
are  found  in  the  evenings  in  valleys  and  over  low  lying  grounds,  and 
is  the  lowest  of  all  the  clouds.  The  subordinate  varieties  of  clouds 
are  combinations  of  these  three  principal  classes.^  The  winds,  the 
great  agents  in  all  atmospheric  changes,  carry  the  vapour  to  a  dis- 
tance where  it  is  often  condensed  on  the  tops  of  themoimtains  into 
clouds  Avhich  seem  to  be  stationary,  but  in  reality  they  are  only 
maintained  by  a  constant  condensation  of  fresh  vapour,  which  is 
carried  otf  as  soon  as  formed,  by  the  wind,  and  becomes  invisible 
on  entering  warmer  air. 

The  rate  at-which  clouds  move  is  greater  than  is  commonly  sup- 
posed, exceeding  considerably  that  of  the  wind  at  the  surface  of  the 
earth.  In  May  1867  when  the  rate  of  the  wind  was  about  42  m.  an 
hour,  clouds  were  observed  near  Edinburgh,  which,  though  moving 
with  apparent  slowness,  were  really  travelling  at  the  rate  of  72  m. 
an  hour ;  and  at  another  part  of  the  same  day,  when  the  force 
of  the  wind  was  greater,  the  clouds  moved  at  the  rate  of  109  m. 
an  hour. 


1  The  four  subordinate  forms  of  clouds  are  the  cirro-stratvs,  composed 
of  little  bands  of  filaments,  more  compact  than  the  cirrus,  forming  horizontal 
strata,  which  seem  to  be  numerous  thin  clouds  when  in  the  zenith,  and  at 
the  horizon  a  long  narrow  band.  IhQ cumulo-stratus  consists  of  the  sunnuer 
cloud,  like  snowy  mountains  heaped  on  one  another,  which  at  sunrise 
have  a  black  or  bluish  tint  at  the  horizon,  and  pass  into  the  nimlms  or  rain 
cloud,  which  has  a  uniform  grey  tint,  fringed  at  the  edges— it  often 
becomes  a  thunder  cloud  ;  and  the  fourth  is  the  cirro-cvmnlus,  a  combina- 
tion of  filaments  and  heaped-up  cumuli  or  summer  clouds. 


CH.P.XXIV.  RAIN. 

5  3  Rain.-If,  when  two  masses  of  air  of  different  tempera- 
t  Js  Lftlnd  .ni^  together  the  tenrperature  falls  ^^^^^.t^VO^l 
of  saturation,  the  particles  coalesce  and  ^nn  drops  of  wa^e^  winch 
faU  in  the  shape  of  rain  by  their  gravitation.  _ 
sti-ataof  diiferent  temperatures  moving  rapidly  m  contiaiy  direc 
ions  coL  into  contact%  heavy  fall  of  rain  takes  place  ;  and  ^^^^^ 
the  quantity  of  aqueous  vapoiu-  is  most  abundant  in  trop  cal 
Regions,  the  drops  are  larger  and  the  rain  heavier  there  than  else- 

"^^The  fall  of  rain,  especially  in  low  latitudes,  depends  upon  the 
zone  of  trade  winds  and  calms.  In  the  region  of  the  trade -nd 
the  sky  is  either  mottled  or  serene,  and  the  weather  steady  and 
delightful.  These  winds  are  the  collectors  and  carriers  of  the 
vapom-  which  the  sunbeam  raises  from  the  ocean.  But_  electricity 
also  arises  with  the  vapour,  because  it  always  accompames  evapor- 
ation provided  the  water  be  not  pure;  and  as  the  sea  water 
contains  many  ingredients,  a  very  great  quantity  is  generated,  rises 
with  the  vapour  in  the  intertropical  regions,  and  is  poured  with  it 
into  the  belts  of  calms,  in  the  higher  regions  of  which  there  is  a 
constant  condensation  from  the  crossing  of  winds  of  ditterent 
temperatmes,  and  tremendous  thunderstorms  are  almost  ot  daily 
occurrence,  accompanied  by  torrents  of  rain.  The  equatorial  belt 
of  calms  lies  mostly  N.  of  the  equator  in  the  Atlantic:  m  it  these 
winds  meet,  and  being  highly  elastic  they  ascend,  till  by  the 
cold  of  the  atmosphere  they  are  condensed  into  the  aoud-rmff, 
a  stratmn  of  clouds  which  surrounds  the  earth  and  overhangs 
the  belt  of  calms,  but  leaves  the  sliy  clear  on  each  side,  ^ew 
vapom-  is  continuaUy  rising  to  the  under  surface  of  this  cloud- 
ring,  is  condensed,  and  falls  in  constant  rains  :  these  rains 
falf  during  the  day,  and  morning  and  evening  are  free  from 
storms. 

In  the  belt  of  calms  the  air,  being  greatly  heated  by  the  vertical 
rays  of  the  sun,  ascends,  drawing  with  it  the  wliole  mass  of  vapour 
which  the  trade  winds  have  brought  with  them,  and  which  has  been 
greatly  added  to  by  the  rapid  evaporation  from  the  belt  of  calms  ; 
this  vapour  is  condensed  as  it  rises  to  the  line  of  jimction  of  the 
lower  and  upper '  trades.'  The  discharge  is  in  some  cases  so  copious 
that  fresh  water  has  been  collected  from  the  surface  of  the  sea. 


1  Local  circumstances  have  great  influence,  especially  in  the  vicinity 
of  mountains  :  probal)ly  the  greatest  average  annual  rainfall  is  that  at 
Cherraponjee,  on  the  Khasya  Hills,  at  the  head  of  the  Bay  of  Bengal, 
wiiere  it  amounts  to  610  inches.  At  Guaclaloupe  it  is  28t)  inches.  In 
England  the  average  annual  quantity  is  32  iuclies.— Greenwich  Meteor. 
Register. 
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The  regularity  of  the  daily  rains  in  the  belt  of  cahns  is  only  fully 
seen  in  the  Pacific  Ocean. 

It  has  been  mentioned  that  the  whole  zone  of  trade  winds  and 
ealms  follows  the  sun  in  declination.  Thus  the  equatorial  belt  of 
calms  with  its  cloud-ring  moves  annually  in  the  Atlantic  from 
5°  S.  lat.  to  12°  N.,  and  back  again.  In  countries  situated 
between  5°  and  10°  S.  and  N.  lat.,  there  are  two  rainy  seasons, 
and  two  dry :  one,  which  lasts  between  3  and  4  months,  occurs 
when  the  sun  passes  the  zenith  in  his  way  to  the  nearest  tropic, 
and  the  other  at  his  return  ;  but  in  the  latter,  which  is  not 
longer  than  6  weeks  or  2  months,  the  rains  are  less  violent.  With 
regard  to  the  tropical  belts  of  calms  and  rains,  when  the  sun  is  N. 
of  the  equator  rains  prevail  in  the  calms  of  Cancer,  and  when  he  is 
S.  of  that  line  imder  the  calms  of  Capricorn :  hence,  in  all  the 
latitudes  over  which  these  range,  one  period  of  the  year  is  ex- 
tremely wet  and  the  other  extremely  dry ;  the  change  takes  place 
at  the  equinoxes.  At  sea,  within  the  limits  of  the  trade  -wdnds 
themselves,  it  seldom  rains. 

Although  the  quantity  of  water  which  falls  between  the  tropics 
in  a  month  is  greater  than  that  of  a  whole  year  in  Em'ope,  yet  the 
number  of  rainy  days  increases  with  the  latitude,  so  that  there  are 
fewest  where  the  quantity  of  rain  is  the  greatest.  Neither  does  it 
fall  continually  dm-ing  the  rainy  season  between  the  tropics,  for  the 
sky  is  generally  clear  at  sunrise,  it  becomes  cloudy  about  10  in 
the  morning,  at  noon  the  rain  begins  to  I'all,  and,  after  pom-ing  for 
four  or  five  hours  the  clouds  vanish  at  sunset,  and  not  a  drop 
falls  during  the  night,  so  that  a  day  of  uninterrupted  rain  is  very 
rare.^ 

Professor  Secchi  observes  as  a  remarkable  coincidence  that  the 
period  from  noon  to  foiu*  or  five  o'clock  should  be  exactly  the  time 
when  clouds  are  formed  at  Rome,  and  which  corresponds  with  the 
minimum  of  the  diurnal  range  of  the  barometer  at  Rome  and  else- 
where over  the  globe. 

The  fall  of  rain  depends  much  upon  the  dii'ection  of  the  land  and 
mountains  being  parallel  or  perpendicular  to  the  course  of  the  pre- 
vailing winds  For  instance,  South  and  Central  America  run  across 
the  line  of  direction  of  the  trade  winds  and  calms,  which,  coming 
loaded  with  vapour,  pour  down  torrents  of  rain  on  the  extensive 
eastern  plains  to  feed  the  rich  vegetation  and  supply  the  tributaries 
of  the  Orinoco  and  Amazon  with  water,  so  that  when  they  reach 


1  At  Portree,  in  Skye,  I'iJ  in.  fell  in  13  hours,  in  the  year  1863.  The 
quantity  that  falls  in  Italy  is  sometimes  very  great ;  at  Kome  half  the 
yearly  average  quantity  fell  on  one  occasion  in  15  hours. 
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the  Cordilleras  of  the  Andes  they  have  just  moisture  enough  left  to 
whiten  theui  with  snow^  and  descend  to  the  arid  soils  of  Peru  and 
New  Mexico  as  dry  and  parching  winds.  The  northern  part  of 
Chile  is  under  the  same  influence  during  that  season  which  is  our 
winter  ;  but  when  the  sim  goes  N.  with  his  attendant  trade  winds 
and  calms,  Chile  is  left  to  the  extra-tropical  N.W.  winds,  which, 
cooled  by  the  temperature  on  the  tops  of  its  stupendous  Andes, 
deposit  abundance  of  moisture. 

In  Chile  and  the  S.W.  part  of  America  winter  is  the  rainy 
season ;  while  on  the  E.  side  of  the  CordiUeras,  in  the  interior 
of  the  chain,  the  rains  occur  in  summer.  In  Tierra  del  Fuego 
and  the  extreme  point  of  the  continent  the  two  climatological 
provinces  meet,  periodical  precipitation  disappears,  and  it  snows 
and  rains  throughout  the  year  in  torrents.  At  Cape  Horn 
the  quantity  of  rain  which  fell  in  41  days  measured  nearly  154 
inches.  This  excessive  fall  occurs  along  the  whole  western  shores 
of  Patagonia,  from  the  Strait  of  Magellan  to  Cape  Tres  Montes,  a 
circumstance  owing  to  the  high  and  rugged  coasts,  and  the  pre- 
vailing extra-tropical  N.  W.  winds  that  traverse  the  Pacific  loaded 
with  vapour. 

The  monsoon  region  furnishes  another  instance  of  the  effect  of 
mountain  chains  upon  the  fall  of  rain.  Throughout  the  whole  of 
that  region  it  is  not  the  sim  directly,  but  the  winds,  that  regulate 
the  periodical  rains.  That  region  extends  from  the  E.  coasts 
of  Africa  and  Madagascar  across  the  Indian  Ocean  to  the  N. 
districts  of  Australia,  and  from  the  tropic  of  Capricorn  to  the  face 
of  the  Himalayas,  the  interior  of  China  to  Oorea,  and  even  round 
the  N.  of  Siberia  inclusive.  In  India  and  the  Eastern  Peninsula 
the  W.  coasts  are  watered  during  the  S.W.  monsoon,  which 
prevails  from  April  to  October ;  and  the  E.  coasts  during  the 
N.E.  monsoon,  which  blows  from  October  to  April.  For  example, 
the  S.W.  wind  condenses  the  vapour  on  the  summit  of  the  Ghats, 
and  violent  rains  fall  daily  on  the  coast  of  Malabar,  while  on  the 
coast  of  Cororaandel  the  sky  is  serene.  Exactly  the  contrary  takes 
place  during  the  N.E.  monsoon  ;  it  rains  on  the  coast  of  Coromandel 
while  there  is  fair  weather  on  the  Malabar  coast,  and  the  table- 
land of  the  Deccan  partakes  of  both.  In  the  southern  hemisphere 
the  rainy  season  corresponds  with  the  N.W.  monsoon,  and  the  dry 
with  the  south  eastern. 

Since  heat  is  the  cause  of  evaporation,  rain  is  very  unequally 
distributed,  and  with  it  decreases  from  the  equator  to  the  poles. 
From  the  island  of  Haiti  in  the  Antilles  to  Uleaborg  in  Finland 
the  annual  quantity  of  rain  that  falls  decreases  from  107  to  13 
inches.  It  is,  however,  more  abundant  in  the  New  World  than  in 
the  Old.    The  following  rainfalls  in  the  tropics  are  interesting : — 
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Singapore,  97  incbes;  Canton,  78  Indies-,  St.Benoit,  Isle  of  Bourbon, 
163  inches;  Sierra  Leone,  87  inclies ;  Stf  Domingo,  107  inches; 
Bahamas,  52  inches  ;  Vera  Cruz,  183  inches ;  Doldrums  of  the 
Atlantic,  226  inches ;  Maranhao,  280  inches.  The  rainfalls  of  tem- 
perate regions  vary — in  the  United  States  between  27  and  66  inches, 
and  in  Europe  from  104  inches  in  the  Alps  to  15  inches  in  some 
parts  of  Sweden  and  Russia. 

The  greatest  quantity  of  rain  falls  on  the  slopes  of  the  mountains, 
on  which  prevailing  winds  first  strike  after  having  blown  across  the 
greatest  extent  of  ocean.  The  more  abrupt  the  elevation,  and  the 
shorter  the  distance  between  the  mountains  and  the  sea,  the  greater 
the  amount  of  precipitation.  For  instance,  on  the  western  Ghats 
the  mean  annual  quantity  is  302  inches.  But  the  fall  of  rain  on 
the  Khasya  Hill  is  the  greatest  on  record,  araoimting,  as  has  been 
already  said,  to  610  inches  per  annum.  This  terrific  rainfall  is 
attributed  to  the  abruptness  of  the  mountains  which  face  the 
Bay  of  Bengal,  and  the  intervening  flat  swamps  200  m.  in 
breadth. 

The  extent  of  country  on  which  rain  seldom  or  never  falls 
amounts  to  5,500,000  sq.  m.  The  most  extensive  rainless  desert 
stretches  from  Morocco  eastward  through  North  Africa,  Arabia, 
Persia,  and  the  desert  province  of  Mekran  in  Baluchistan,  occupy- 
ing a  space  of  80°  of  longitude  and  17°  of  latitude.  The  Desert 
of  Gobi  and  part  of  Mongolia  form  another  rainless  region  in 
the  great  continent;  while  in  the  New  "World  the  rainless 
disti-icts  are  the  table-land  of  Mexico,  part  of  Guatemala,  Cali- 
fornia and  the  region  that  extends  from  the  western  declivity 
of  the  Andes  in  Peru  to  the  shores  of  the  Pacific.  It  will  easily 
be  seen,  by  reference  to  Mr.  Keith  Johnston's  Chart  of  Rams, 
that  the  prevailing  winds  are  deprived  of  their  vapom-  by  con- 
densation before  arriving  at  these  rainless  deserts.  The  Kalahari 
Desert  in  South  Africa,  and  Australia,  suff-er  from  periodical 
drouo-hts ;  but  the  periods  of  their  occurrence  are  not  yet  ascer- 
tained The  Pampas  of  South  America  are  also  subject  to 
droughts,  though  they  are  not  periodical,  nor  do  they  last  more 

than  a  season.  .  .  ,  „ 

Between  the  tropics  it  rains  rarely  during  the  night,  and  lor 
months  together  not  a  drop  tails ;  while  in  the  temperate  zone  it 
often  rains  in  the  night,  and  rain  falls  at  all  seasons,  though  more 
Abundantly  in  some  than  in  others.  It  seldom  rams  m  summer 
^onTo't  the  N.  of  .Africa,  Madeira,  the  S  parts  of  Spain 
and  Portugal,  Sicily,  S.  Italy,  all  Greece,  and  the  Js.W.  part  of 
Isia-  but^it  falls  copiously  during  the  other  seasons,  especially 
during  the  winter;  consequently  that  extensive  region  is  called 
•the  province  of  winter  rains.    In  the  strictly  western  districts 
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of  Scotland,  December,  January,  and  February  are  the  rainiest 
months. 

The  province  of  autumnal  rains  includes  all  Eiu'ope  S.  of  the 
Carpathians,  western  France,  the  delta  of  the  Rhine,  N.  and  W. 
Scandinavia,  and  the  British  Isles ;  throughout  these  countries 
more  rain  falls  in  autmnn  than  in  the  other  three  seasons. 

The  province  of  summer  rains  comprises  the  E.  parts  of  France, 
the  Netherlands  (with  the  exception  of  the  delta  of  the  Rhine), 
the  N.  of  Switzerland,  all  Germany,  the  Carpathian  Moimtains, 
Denmark,  S.  Scandinavia,  all  Central  Europe,  and  the  countries 
hevond  the  Ural  Moimtains  to  the  interior  of  Siberia,  where 
showers  are  very  rare  in  winter.  In  some  places  it  rains  almost 
perpetually,  as  in  the  Island  of  Sitlra,  on  the  N.E.  coast  of  North 
America,  where  the  year  has  sometimes  passed  with  only  40 
days  of  fair  weather. 

South  Africa  and  Australia  resemble  each  other  in  their  rainy 
seasons,  which  in  both  countries  are  dm'ing  the  winter  months. 

The  number  of  rainy  days  depends  upon  the  direction  of  the 
wind.    In  Continental  Europe,  if  the  wind  always  blew  from  the 
N.E.,  it  would  seldom  rain,  because  it  blows  over  a  great  extent 
of  continent ;  whereas  it  would  never  cease  raining  were  the  wind 
always  to  blow  from  the  S.W.,  because  it  would  ever  come  loaded 
with  vapom-  from  the  Atlantic.    ITence  the  greatest  quantity  falls 
on  the  W.  coasts  of  Great  Britain  and  Ireland,  the  coast  of  Scan- 
dinavia, the  Eastern  Alps,  and  the  centre  of  Portugal ;  in  the  last 
two  it  depends  partly  on  the  height  and  form  of  the  mountains. 
In  W.  Europe  it  rains  on  twice  as  many  days  as  in  the  E.  part :  in 
Ireland  there  are  three  times  as  many  rainy  days  as  in  Italv  or 
Spain.    In  fact,  on  the  W.  side  of  Ireland  it  rains  on  208  days 
out  of  the  365  ;  in  the  Hebrides  and  W.  parts  of  Scotland  perhaps 
still  more.    In  England,  France,  and  the  north  of  Germany,  there 
are  from  162  to  156  rainy  days  in  the  year  ;  the  number  decreases 
towards  the  interior  of  the  continent,  so  that  in  Siberia  it  only  rains 
on  60  days  in  the  year.   Occasionally  it  rains  over  a  wide  extent 
of  country  at  the  same  time;  on  February  2,  1842,  it  rained 
in  North  America  over  1400  m.  in  length,  but  the  breadth  to 
which  it  extended  was  not  ascertained.    Rain  sometimes  falls 
without  visible  clouds,  from  a  partial  condensation  of  vapour ;  Sir 
James  C.  Ross  mentions  a  smart  shower  with  a  cloudless  skv  in 
the  South  Atlantic  on  December  20,  1839 :  it  continued  for  an 
hour. 

§  4.  Snow.— When  the  temperature  of  the  air  is  near  the 
freezing  point  or  below  it,  snow  falls  instead  of  rain  ;  but  the 
colder  the  air  the  less  moisture  does  it  contain,  consequently  the 
less  snow  falls,  which  is  the  reason  of  the  comparatively  small 
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quantity  on  tlie  high  plains  of  Tibet  and  of  the  Andes.  Snow 
sometimes  assmues  the  form  of  grains,  but  is  generally  in  regular 
crystals  of  great  beauty,  varying  in  form  according  to  the  degree 
of  cold.  Dr.  Scoresby,  whose  voyages  in  the  Polar  Seas  afforded 
him  constant  opportunities  of  studying  them,  mentioned  five 
principal  kinds  of  snow  crystals,'  each  of  which  had  many 
varieties,  in  all  known  to  amount  to  more  than  1000.  The 
whiteness  of  the  snow  is  owing  to  the  retiection  of  light  from 
the  minute  faces  of  its  crystals,  which  are  lilie  so  many  small 


mirrors. 


Snow  never  falls  between  the  tropics  except  on  the  tops  of  very 
high  mountains.  The  mean  elevation  of  the  line  of  imyetual  snotv 
above  the  level  of  the  sea  in  these  hot  regions  is  about  16,207  ft., 
from  whence  it  decreases  on  both  sides,  until  it  grazes  the 
surface  of  the  earth  at  the  Arctic  and  Antarctic  Cii'cles,  subject, 
however,  to  various  flexures.  In  the  Andes,  near  Quito,  the  lowest 
level  has  an  elevation  of  15,795  ft. ;  from  thence  it  varies  very 
irregularly  both  to  the  N.  aud  S.  In  18°  N.  lat.  it  descends 
to  14,772  ft.  on  the  mountains  of  Mexico,  while  on  the  S.  it 
rises  to  18,000  ft.  in  some  parts  of  the  W.  Cordillera  of  the 
Bolivian  Andes,  owing  to  the  extensive  radiation  and  the  as- 
cending currents  of  heated  air  from  the  subjacent  plains  aud 
valleys!  The  line  is  at  an  altitude  of  17,000  ft.  on  the  W. 
OordiUera,  whence  it  sinks  to  13,800  ft.  at  Oopiapo,  and  to 
12  780  near  Valparaiso  :  it  is  only  7960  ft.  in  the  Chilian  Andes, 
on  the  volcano  of  Antuco,  lat.  37°  40',  and  3390  in  the  Strait 
of  Magellan.  In  lat.  31°  N.  the  snow  line  is  at  an  elevation 
of  12,980  ft.  on  the  S.  side  of  the  Himalayas,  and  at  16,620 
ft.  on  the  N.  side ;  while  Captain  Gerard  gives  from  18,000 
to  19,000  ft.  as  its  altitude  on  the  mountains  of  the  table-land  of 
Tibet  N.  of  the  upper  valleys  of  the  Indus  and  Sutlej.  On  Mont 
Blanc  the  line  is  at  the  height  of  8500  ft.,  so  that  mountam  is 
snow  clad  for  7000  ft.  below  its  summit.  In  the  Pyrenees  it  is  at 
8184  ft.,  and  at  the  Island  of  Mageroe,  on  the  coast  of  Norway,  it 
is  at  2160  ft.  above  the  Polar  Ocean. 

In  the  S.  hemisphere  snow  never  falls  on  the  low  lands  at  the 
level  of  the  sea  N.  of  the  48th  parallel  of  latitude,  on  accoimt  of 
the  predominance  of  water,  whereas  in  the  N.  hemisphere  it  faUs 
on  the  plains  in  much  lower  latitudes,  on  account  of  the  excess  ot 
land  •  but  its  limit  is  a  curved  line,  on  account  of  the  alternations 
of  lakd  and  water.  Jn  the  W.  part  of  the  great  continent  the 

1  Viz  —1.  Thin  plates,  the  most  beautiful  and  multiform  class  ;  2.  A 
central  nucleus  stndded  with  spicules  ;  3.  The  six-si.ded  (yerj  V"re  ^  the 
t"e"iciS)  prism;  4.  Six-sided  pyramids;  5.  A  pnsm  with  plates  per- 
pendicular  to  it  at  equal  distances. 
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S.  limit  of  the  fall  of  snow  on  the  low  lands  nearly  coincides 
witli  tlie  SOth  parallel  of  N.  lat.,  so  that  it  includes  all  Europe. 
In  the  American  continent  it  follows  nearly  the  same  line,  extending 
through  the  S.  parts  of  the  United  States.  In  China  snow  falls 
at  the  level  of  the  sea  as  far  south  as  Canton ;  on  the  N.W. 
coast  of  America,  on  the  contrary,  it  does  not  fall  at  that  level  till 
about  48°  N.  lat. — these  are  the  two  extremes.  Although  Europe 
lies  within  the  region  of  snow,  the  quantity  that  falls  is  very 
difterent  in  difi'erent  places,  increasing  greatly  from  S.  to  N.  On 
an  average  it  snows  only  one  day  and  a  half  at  Rome  in  the 
year,  while  at  St.  Petersburg  there  are  171  snowy  days;  but  in 
that  city  the  quantity  of  rain  is  to  that  of  melted  snow  as  1000  to 
384.  Snow,  by  protecting  the  ground  fi-om  cold  winds,  as  well  as 
by  its  slow  conducting  power  and  by  preventing  radiation,  main- 
tains the  earth  at  a  higher  temperature  than  it  otherwise  would 
have.  In  Siberia  the  difference  between  the  temperatiu'e  of  the 
ground  beneath  the  snow  and  that  of  the  air  above  it  has  amounted 
to  38°  Fakr. 

Sleet,  which  is  formed  of  small  particles  of  rounded  hail  mixed 
with  rain,  falls  in  squally  weather  in  spring  and  autumn.  True 
hail,  when  large,  is  pear-shaped,  and  consists  of  a  nucleus  of  frozen 
snow  coated  with  ice,  and  sometimes  with  alternate  layers  of  snow 
and  ice.  Hailstones  have  often  fallen  as  large  as  the  egg  of  a  hen, 
or  even  that  of  a  goose.  The  masses  and  blocks  of  ice  of  great  size, 
which  have  not  unfrequently  fallen,  appear  to  have  been  formed  b\ 
the  agglomeration  of  hailstones  of  large  size  frozen  together  ;  one 
the  size  of  a  millstone  fell  near  Seringapatam,  which  it  required  three 
days  to  melt.  It  appears  to  be  formed  in  the  high  cold  regions 
of  the  atmosphere  by  the  sudden  condensation  of  vapour  during 
the  strife  of  opposing  winds,  and  is  intimately  connected  with 
electricity,  since  its  fall  is  generally  accompanied  with  thimder  and 
lightning.  Hail  showers  are  of  short  duration,  exceedingly  partial, 
and  extend  over  a  country  in  long  narrow  bands :  one  which  took 
place  on  July  13,  1788,  began  in  the  morning  in  the  S.  of  Prance 
and  reached  Holland  in  a  few  hours,  ravaging  a  narrow  line  of 
country  in  its  passage.  On  September  31,  1866,  a  strip  of  country 
near  Florence  was  ruined  during  a  violent  thimderstorm  by  hail- 
stones weighing  12  and  14  ounces. 

Local  circumstances,  no  doubt,  have  a  great  influence  on  the 
formation  of  hail :  it  occurs  more  frequently  in  countries  at  a  little 
distance  from  mountains  than  in  those  close  to  them  or  farther  off 
and  at  all  hours,  but  most  commonly  at  the  hottest  time  of  the 
day,  and  rarely  in  the  night.  In  the  interior  of  Europe  one  half  of 
the  hailstorms  take  place  in  summer.  Hail  is  rare  on  the  tropical 
plains,  and  almost  altogether  unknown ;  it  falls  at  times  at  heio-hts 
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of  1700  or  1800  ft.,  and  even  at  still  greater  elevations — in  the 
Bolivian  Andes,  for  example,  above  13,000,  and  on  the  table-land  of 
Ethiopia  at  heights  between  6000  and  10,000  ft.  The  same  has 
been  observed  in  India,  where  hailstorms  occur  in  the  lower 
regions  of  the  Himalayas  and  in  the  Nilgiris  at  elevations  of  3000 
and  6000  ft.^  If  the  air  is  very  cold  throughout  the  greater  part 
of  the  stratum  through  which  hail  falls,  it  is  probably  increased  in 
size  during  its  descent ;  and,  on  the  contrary,  large  drops  of  rain 
which  precede  a  thimderstorm  are  supposed  to  be  hail  melted 
in  its  passage  through  low  warm  air.  Thus  the  thin  impalpable 
air  is  the  storehouse  of  vapours,  clouds,  and  storms,  breathing 
softly  over  sea  and  land,  and  Avatering  the  earth  with  gentle  showers 
at  one  time,  and  at  another  rushing  with  the  fury  of  the  hurricane, 
or  heaving  along  the  dark  cloud  with  the  thunderbolt,  the  hail, 
and  the  torrent.  It  carries  warmth  to  melt  the  winter  snow,  and 
cold  to  temper  the  summer  heat;  viewless  as  it  is,  it  contains 
the  solid  matter  which  feeds  vegetation,  from  the  impenetrable 
forest  of  the  equator  to  the  lichen  which  so  scantily  covers  the 
polar  rocks,  and  on  it  every  creature  that  exists  on  the  land  or  in  the 
waters  depends  for  life,  and  heat,  and  nourishment. 

§  5.  Xiigrbt.^ — We  know  nothing  of  the  size  of  the  ultimate 


Buiston,  'Hailstorms  in  India,'  in  'Transactions  of  Bombay  Geogra- 
p)iical  Society,'  vol.  xii. 

2  The  celestial  regions  are  filled  with  an  extremely  rare  and  highly 
elastic  medium  or  ether,  whose  particles  are  capable  of  receiving  the 
vibrations  communicated  to  them  hy  self-luminous  bodies,  and  of  trans- 
mitting them  to  the  optic  nerves  of  the  eye,  so  as  to  produce  the  sensation 
of  light.  The  intensity  of  light  depends  upon  the  extent  of  the  vibrations 
of  the  particles  of  ether,  while  its  colour  depends  upon  their  frequency. 
Heat,  like  light,  is  a  vibration  of  the  particles  of  ether ;  they  are  both 
forces,  and  act  as  such.  In  fact,  heat  is  merely  a  force  of  expansion,  which 
increases  the  distance  between  the  particles  of  a  body  till  it  is  balanced  by 
their  mutual  attraction,  and  in  that  state  it  is  insensible  to  the  ther- 
mometer, but  it  becomes  sensible  by  compression.  Thus  the  heat  in  the 
air  may  be  squeezed  out  so  as  to  ignite  tinder  ;  consequently  it  is  changed 
into  light.  Hence  late7it  heat  and  caloric  are  no  longer  admissible  terms,  for 
the  former  is  a  force  of  expansion,  and  the  latter  is  simply  a  force.  It  is 
now  proved  beyond  a  doubt  that  light,  heat,  chemical  action,  electricity, 
and  magnetism,  are  forces,  or  rather  powers,  subject  to  dynamical  laws,  and 
that  they  are  correlative,  or  that  they  mutually  produce  or  merge  into  one 
another.  Thus  heat  produces  electricity,  and  electricity  produces  heat; 
chemical  action  produces  light,  and  light  produces  chemical  action,  ifcc.  All 
are  correlative  with  one  another  or  with  motion  ;  nevertheless,  they  can 
only  act  on  one  another  through  the  medium  of  matter  which  is  perme.nble 
to  the  ether.  It  is  evident  that  the  idea  of  electricity  and  magnetism  being 
fluids  must  be  rejected ;  they  are  powers,  and  act  on  matter  as  such.— See 
the  '  Connexion  of  the  Physical  Sciences,'  by  Mary  Somerville. 
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particles  of  matter,  except  that  they  raust  he  inconceiyahly  small. 
The  air  is  only  visible  when  in  mass  ;  the  smallest  globule  of  steam 
tells  no  more  of  its  atoms  than  the  immensity  of  the  ocean ;  the 
minutest  grain  of  sand  magnified  appears  like  the  fragment  of  a  rock 
— no  mechanical  division  can  arrive  at  the  indivisible.  Although 
the  ultimate  atoms  are  beyond  the  power  of  vision,  chemical  com- 
pounds show  that  the  divisibility  of  matter  has  a  limit,  and  that 
the  particles  have  different  densities ;  moreover,  the  cleavage  of 
crystalline  substances  affords  reason  to  believe  that  they  have 
different  forms.^  Thus  the  reasoning  power  of  man  has  come  to 
the  aid  of  his  imperfect  sense  of  vision,  so  that  what  were  before 
imaginary  things  are  now  real  beings  with  definite  weights,  and 
imited  by  fixed  laws.  Though  nothing  had  been  known  of  their 
size,  their  effects  were  evident  in  the  perceptions  of  sweet  and  sour, 
salt  and  bitter,  and  in  the  endless  varieties  of  aroma  in  the  food  we 
eat  and  the  liquors  we  drink.  Every  substance  on  earth  is  merely 
a  temporary  compoimd  of  the  ultimate  atoms,  sooner  or  later  to  be 
resolved  into  its  pristine  elements,  which  are  again  to  be  combined 
in  other  forms,  and  according  to  other  laws ;  so  that  literally  there 
is  nothing  new  under  the  sun,  for  there  is  no  evidence  of  new 
matter  being  added  to  the  earth,  except  in  the  case  of  meteorites, 
nor  of  that  which  exists  being  annihilated.  Fire,  which  seems 
utterly  to  destroy,  only  resolves  bodies  into  their  elementary  parts, 
to  become  what  they  were  before,  the  support  of  animal  or  vege^ 
table  life,  or  to  form  new  mineral  compounds.  It  is  to  the  action 
of  these  particles  on  the  light  of  the  sun  that  nature  owes  all  its 
colours. 

"When  a  sunbeam  passes  through  a  glass  prism,^  an  oblong  image 
of  it  is  formed,  consisting  of  colours  in  the  following  order :  red, 
orange,  yellow,  green,  blue,  indigo,  and  violet.  Sir  John  Herschel 
discovered  lavender  rays  beyond  the  violet,  and  dark  red  rays 
exterior  to  the  red,  which  are  not  so  easily  brought  into  evidence 
as  the  rest. 

Even  the  most  transparent  substances  absorb  light ;  air,  water, 
the  piu-est  crystal,  arrest  some  of  the  rays  as  they  pass  through  them. 
A  portion  of  the  light  is  also  reflected  from  the  surface  of  all  bodies ; 
were  it  otherwise  they  would  be  invisible.    We  should  be  uncon- 


1  The  reader  is  referred  to  the  '  Connexion  of  the  Physical  Sciences '  for 
an  account  of  Dalton's  theory  of  definite  proportions,  and  the  relative 
weight  of  atoms  ;  and  to  Dr.  Daubeny's  work  on  the  Atomic  Theory. 

''^  The  reader  is  referred  to  the  18th  section  of  the  'Physical  Sciences  * 
for  reflection,  refraction,  and  absorption  of  light,  and  to  the  19th  section  for 
the  constitution  of  the  solar  light  and  colours. 
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scions  of  the  presence  and  form  of  material  substances  beyond  cm- 
reach  except  by  the  reflected  rays, — 

The  mist  of  light  from  whence  they  take  their  form 
Hides  what  they  are. 

As  the  same  light  does  not  come  to  all  eyes,  each  person  sees 
his  own  rainbow,  the  same  flower  by  different  rays.  White  sub- 
stances reflect  all  the  light,  black  substances  absorb  all  but  that 
which  renders  them  visible,  while  colom'ed  bodies  decompose  the 
light,  absorb  some  of  the  colours,  and  reflect  or  transmit  the  rest. 
Thus  a  violet  absorbs  all  but  the  violet  rays,  which  it  reflects  ;  a  red 
flower  only  reflects  the  red  and  absorbs  the  rest ;  a  yellow  substance 
absorbs  all  but  the  yellow.  In  the  same  manner  transparent  sub- 
stances, whether  solid  or  fluid,  absorb  some  colours  and  transmit 
others  :  thus  an  emerald  absorbs  all  but  the  gTeen,  a  ruby  all  but 
the  red ;  whereas  a  diamond  does  not  decompose  the  light,  but 
transmits  every  ray  alike.  Very  few,  however,  of  the  colours, 
whether  transmitted  or  reflected,  are  pure,  but  the  substance  takes 
its  hue  from  the  colour  that  predominates. 

The  atmosphere,  where  rarefied,  absorbs  all  the  colours  of  the 
sun's  light  except  the  blue,  which  is  its  true  colour.^  In  countries 
where  the  air  is  pure  the  azure  of  the  sky  is  deep ;  it  is  still  more 
so  at  great  elevations  where  the  density  of  the  air  is  less  ;  and  its 
colour  is  most  beautiful  as  it  gradually  softens  the  outlines  of  the 
mountains  into  extreme  distance,  or  blends  the  sea  with  the  sky. 
^Tien  the  sun  is  near  the  horizon  the  atmosphere,  on  accoimt  of  its 
superior  density,  absorbs  the  violet  and  blue,  and  leaves  the  yellow 
and  red  rays  in  excess  ;  that  property,  together  with  the  refractive 
power  of  the  aqueous  vapom-,  which  is  most  abundant  near  the 
earth's  surface,  gives  the  roseate  hue  to  the  early  morning,  and  the 
gold  and  scarlet  tints  to  the  closing  day.  The  blending  of  these 
colours  with  the  blue  above  produces  that  beautiful  vivid  green  so 
frequently  seen  in  Italy  and  other  warm  countries.  The  last  re- 
flected rays  of  the  setting  sun  are  red,  which  gives  a  rose  colom-ed 
tint  to  Ihe  Alpine  snows,  and  below  the  red  the  shadow  of  the 
earth  is  sometimes  cast  upon  the  atmosphere  in  the  form  of  a  deep 
blue  segment,  known  as  the  ante-twilight.  The  air  reflects  and 
scatters  part  of  the  white  solar  beams,  whence  the  brightness  and 
cheerfulness  of  day  ;  were  it  not  for  that  reflective  power,  the  sun 
and  moon  would  be  like  sharply  defined  balls  of  fire  in  the  pro- 
foundly black  vault  of  the  heavens,  and  dark  night  would  instantly 

1  Professor  Tyndall  has  proved  that  the  bhie  colour  of  the  sky  is  owing 
to  the  reflection  of  the  blue  rays  of  the  sun  by  infinitesimal  particles  of 
aqueous  vapour  floating  in  the  highest  regions  of  the  atmosphere. 


Chap.  XXIV. 


LIGHT. 


341 


follow  sunset.  When  tlie  sim  is  18  degrees  helow  the  horizon,  the 
air,  at  the  height  of  30  m.,  is  still  dense  enough  to  reflect  his  rays, 
and  divide  the  day  fi-om  the  night  by  the  soher  shades  of  twihght. 
Between  the  tropics  twilight  continues  from  the  setting  of  the^  sun 
till  he  is  16  degrees  below  the  horizon,  in  middle  latitudes  imtil  he 
is  18  degrees,  and  in  the  polar  regions  until  he  is  20  degrees ;  then 
and  then  only  does  real  night  begin :  at  Edinburgh  there  is  no  real 
night  from  May  6  until  August  7,  in  London  there  is  none  from 
May  21  tiU  July  22,  and  in  Paris  there  is  no  true  night  in  the 
month  of  June. 

A  considerable  portion  of  the  sun's  light  is  absorbed  by  the 
atmosphere  :  the  loss  increases  with  the  obliquity  of  incidence  and 
the  density  of  the  air.  It  is  diminished  ISOO  times  by  the  thick- 
ness of  the  ail-  at  the  horizon,  which  enables  us  to  look  at  the  sun 
when  setting  without  being  dazzled.^ 

§  6.  iviirag'e,  &.c. — The  bending  or  refraction  of  the  sun's  light 
passing  through  the  atmosphere  causes  distant  objects,  as  moun- 
tains, to  appear  higher  than  they  are.  It  increases  with  the  density 
of  the  air  and  the  obliquity  of  incidence,  and  on  that  account  the 
sun  is  seen  above  the  horizon  after  he  is  really  below  it,  or  has  set, 
and  also  before  he  has  really  risen.  During  the  winter  of  1820, 
which  the  expedition  imder  Sir  Edward  Parry  passed  at  Melville 
Island,  in  70°  47'  N.  lat.,  the  sun  did  not  rise  for  92  days  ;  but  in 
consequence  of  extraordinary  refraction  he  appeared  above  the 
horizon  on  February  3,  which  was  three  days  sooner  than  he  ought 
to  have  done,  imaided  by  refraction. 

The  sun  and  moon  often  appear  distorted  at  their  rising  and 
setting,  because  the  looming,  or  extraordinary  refraction,  is  greatest 
in  the  morning  or  evening,  from  the  increased  density  of  the  air 


*  The  Photometer  is  an  instrament  invented  by  the  late  Sir  John  Leslie 
for  measuring  the  relative  intensity  of  light  and  its  variations,  upon  the 
principle  that  the  heat  contained  in  solar  light  is  a  measure  of  the  intensity 
of  light.  Sir  John  computed  that  one  fourth  of  the  light  of  the  sun  is 
absorbed  by  the  atmosphere,  and,  with  regard  to  obliquity  of  incidence, 
that,  out  of  1000  rays  which  fall  obliquely  on  the  earth,  only  378  reach  it 
at  the  equator,  288  in  lat.  45°,  and  110  at  the  poles  ;  in  England  the  light 
measured  by  the  photometer  is  65°  greater  in  intensity  in  summer  than  in 
winter. 

Professor  Secchi  says  that  Leslie's  photometer  is  now  acknowledged  to 
be  a  simple  thermometer  :  as  light  can  be  said  to  be  efficient  on  earth  as 
accompanied  by  heat  and  chemical  action,  so  the  measures  by  the  photo- 
meter of  Leslie,  or  actinometer,  are  very  useful,  but  they  should  be  accom- 
panied also  by  a  study  of,  and  researches  on,  chemical  action,  which  until 
lately  were  omitted.  The  observations  of  Professors  Rouse  and  Bunsen  on 
the  diurnal  and  annual  variation  in  the  actinic  power  of  light  promise  to  add 
much  to  our  knowledge  on  this  subject. 
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at  tlie  surface  of  the  earth  by  reason  of  the  cold.  This  distortion 
of  objects  is  occasioned  by  the  rays  of  light  passing  through  strata 
of  air  of  ditlerent  densities ;  from  this  cause  objects  are  sometimes 
seen  inverted,  and  three  images  of  the  same  object  occasionally 
appear,  two  direct  and  one  inverted. 

Mil-age,  or  the  delusive  appearance  of  water,  so  frequent  in 
deserts,  is  owing  to  the  reflection  of  light  between  two  strata  of 
air  of  different  densities,  occasioned  by  the  radiation  of  heat  from 
the  arid  soil.  It  is  very  common  on  the  extensive  plains  of  Asia 
and  Africa,  and  especially  in  Upper  Egypt ;  villages  on  small 
eminences  above  the  plain  appear  as  if  they  were  built  on  islands 
in  the  middle  of  a  lake  when  the  dry  sandy  ground  is  heated  by 
the  mid-day  sun.  Sometimes  objects  appear  double,  and  occa- 
sionally several  images  appear  above  one  another,  some  direct  and 
some  inverted  :  this  is  particularly  the  case  in  high  latitudes,  where 
the  Icy  Sea  cools  the  stratiun  of  au-  resting  on  it.^ 

In  the  polar  regions  or  on  the  tops  of  mountains  when  the  sim 
is  on  or  near  the  horizon  the  shadow  of  a  person  is  sometimes 
thrown  on  an  opposite  cloud  or  mist,  the  head  being  surrounded  by 
concentric  coloured  rings  or  circles,  the  number  varying  from  one  to 
Ave.  Dr.  Scoresby  saw  four  of  these  rings  on  one  occasion  round 
the  shadow  of  his  head,  as  he  stood  between  the  sun  and  a  thick 
low  fog :  the  first  ring  consisted  of  concenti'ic  bands  of  white,  yellow, 
red,  and  purple ;  the  second  consisted  of  bands  of  blue,  green, 
yellow,  red,  and  purple ;  the  third  of  green,  white,  yellowish 
white,  red,  and  purple ;  and  in  the  fourth  the  bands  were  greenish 
white,  deeper  on  the  edges.  Mr.  Green,  at  the  height  of  2  m., 
saw  the  shadow  of  his  balloon,  surroimded  by  three  coloured  rings, 
on  a  cloud  below.  These  appearances,  called  glories,  ov  fog  images, 
and  the  coronse,  or  small  concentric  coloured  circles  which  sm-round 
the  sun  or  moon  when  partly  obscured  by  thin  white  clouds,  are 
owing  to  the  refraction  of  the  light  in  the  aqueous  pai-ticles  of  the 
cloud  or  fog.  The  colours  in  the  concentric  bands  of  the  coronae, 
however,  difier  from  the  foregoing  ;  that  nearest  the  sun  is  of  deep 
blue,  white,  and  red  ;  the  circle  exterior  to  that  consists  of  purple, 
blue,  green,  pale  yellow,  and  red  ;  but  the  series  is  very  rarely 
complete. 

Halos,  which  surround  the  sun  in  large  circles,  or  a  complicated 
combination  of  circles  are,  on  the  contrary,  supposed  to  be  pro- 
duced bv  the  light  falling  on  minute  crystals  of  ice  suspended  in 
the  atmosphere  ;  they  are  particularly  brilliant  and  frequent  in 
high  latitudes.  It  is  scarcely  possible  to  give  an  idea  of  these 
beautiful  and  singular  objects.    Sometimes  a  large  coloured  circle 


1  For  the  cause  of  mirage,  see  the  '  Connexion  of  the  Physical  Sciences.' 
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surroiinds  the  sirn  or  passes  through  his  centre,  which  is  occa- 
sionaUy  touched  or  cut  by  segments  of  others.    One  seen  a,t  bt.^ 
Petersburg  on  June  29,  1790,  consisted  of  four  coloured  cu-cles  ot 
different  sizes  intersecting  each  other,  which  were  either  cut  or 
touched  by  segments  of  eight  others,  and  at  the  points  of  inter- 
section mock  Sims  or  parhelia  appeared.    The  sky  is  very  hazy  on 
these  occasions.    Mock  suns,  without  circles  and  halos,  are  by  no 
means  imcommon,  and  halos  are  often  seen  round  both  sun  and 
moon,  but  seldom  of  that  complicated  kind.    They  are  situated 
between  the  observer  and  the  sun,  whereas  the  rainbow  is  always 
in  that  part  of  the  sky  opposite  the  sun,  because  it  is  produced  by 
refraction  and  reflection  of  the  sun's  rays  in  the  drops  of  rain  ; 
and  when  the  light  is  intense  and  the  rain  abundant,  there  are  two 
concentric  bows,  the  prismatic  colours  of  the  innermost  of  which  are 
the  most  vivid,  the  violet  being  within  and  the  red  outside  :  some- 
times the  inner  edge  exhibits  a  repetition  of  colours  in  tine  fringes, 
in  which  red  and  green  predominate.    The  colours  are  reversed  in 
the  exteiior  bow,  the  violet  being  outside  and  the  red  on  the 
inner  edge.    Besides  these  two  principal  and  most  common  bows, 
supernumeraiT  rainbows  occasionally  appear  within  the  interior 
bow,  generally  green  and  violet,  though  they  are  sometimes  more 
or  less  perfect  repetitions  of  all  the  colours.^    The  visible  extent  of 
the  bow  depends  upon  the  altitude  of  the  sun  and  the  position  of 
the  spectator.    As  a  line  joining  the  centres  of  the  sun  and  bow 
must  pass  through  the  eye  of  the  spectator,  the  altitude  of  the  sun 
must  be  less  than  46°,  and  only  a  portion  of  the  bow  can  be  seen 
from  a  plain ;  but  the  complete  circle  may  be  visible  to  a  person 
on  the  top  of  a  high  mountain  when  the  sim  is  low,  except  the 
small  portion  intercepted  by  his  shadow.    In  squally  weather  a 
rainbow  is  sometimes  seen  on  a  blue  sky  when  rain  is  falling,  but 
it  is  generally  on  clonds  ;  it  is  constantly  seen  when  the  sun  shines 
on  the  fine  drops  of  foimtains  and  cascades,  and  on  the  grass  in  a 
dewy  morning.  As  the  light  of  the  moon  is  feeble,  limar  rainbows 
are  rare  and,  for  the  most  part,  colourless.    In  the  early  morning, 
when  the  sun  throws  his  slanting  beams  across  the  fields,  a 
miniature  bow,  with  all  its  vivid  colours,  may  be  seen  in  each 
dewdrop  as  it  hangs  on  the  points  of  the  bending  grass. 

§  7.  Polarisation  of  the  Atmosphere. — Light  is  said  to  be 
polarised  when,  after  having  been  once  refracted  or  reflected,  it  is 


In  the  primary  bow  the  light  is  twice  refracted  and  once  reflected  in 
the  rain  drops,  while  in  the  external  bow  it  is  twice  refracted  and  twice 
reflected  ;  and  as  light  is  lost  at  each  refraction  and  reflection,  the  interior 
bow  is  the  brightest.  Sir  David  Brewster  found  that  the  light  of  the 
rainbow  is  polarised. 
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rendered  incapable  of  being  again  refracted  or  reflected  at  certain 
angles.  For  examplef  if  a  crystal  of  brown  tourmaline  be  cut 
longitudnially  into  thin  slices  and  polished  the  light  of  a  candle 
may  be  seen  through  a  slice  as  if  it  were  glass.  But  if  one  of 
these  slices  be  held  perpendicularly  between  the  eye  and  the 
candle,  and  a  second  slice  be  turned  round  between  the  eye  and  the 
other  plate  of  tourmaline,  the  image  of  the  candle  will  vanish  and 
come  mto  view  at  every  quarter-revolution  of  the  plate,  varying 
through  aU  degrees  of  brightness  down  to  total  or  almost  total 
evanescence,  and  then  increasing  again  by  the  same  degrees  as  it 
bad  decreased.  Thus  the  light,  in  passing  through  the  first  plate 
of  tourmalme,  is  said  to  be  polarised,  because  it  has  been  rendered 
incapable  of  passing  through  the  second  piece  in  certain  positions. 

A  ray  of  light  acquires  the  same  property  if  it  be  reflected  from 
a  pane  of  plate  glass  at  an  angle  of  57° ;  it  is  by  that  rendered 
incapable  of  being  reflected  by  another  pane  of  plate  glass  in  certain 
definite  positions,  for  the  image  of  the  light  vanishes  and  reappears 
alternately  at  every  quarter  revolution  of  the  second  pane. 

If  a  thin  plate  of  mica  be  interposed  when  the  image  of  the 
candle  has  vanished,  the  darkness  will  instantly  disappear,  and  a 
succession  of  the  most  gorgeous  colours  will  come  into  view, 
varying  with  every  inclination  of  the  mica  from  the  richest  reds  to 
the  most  vivid  greens,  blues,  and  pm-ples.  The  most  splendid 
colours  arranged  in  symmeti-ical  forms  are  exhibited  by  thin  plates 
of  an  infinite  variety  of  substances  besides  mica.  They  display 
sonie  of  the  most  beautiful  objects  in  nature,  and  show  differences 
otherwise  inappreciable  in  the  arrangement  of  the  molecules  of 
crystalline  bodies.^ 

Arago  discovered  that  the  light 'of  the  sun  is  polarised  by  the 
reflection  of  the  atmosphere,  but  not  equally  so  on  eveiy  part  of  the 
sky  ;  the  polarisation  is  least  in  the  vicinity  of  the  sun,  and  greatest 
at  90°  from  him,  for  there  his  light  is  reflected  at  an  ano-le  of  45°, 
which  IS  the  polarising  angle  for  aii-.^  There  are  three  points  in 
the  sky  wbere  the  light  is  not  polarised  :  one  of  these  neutral 
points,  discovered  by  M.  Arago,  is  18°  03'  above  the  point  dia- 
metrically opposite  to  the  sun  when  he  is  in  the  horizon ;  the 
second  neutral  point,  discovered  by  M.  Babinet,  is  18°  30'  above 
the  sun  when  he  is  rising  or  setting  ;  and  the  third,  discovered  by 
Sir  David  Brewster,  is  15°  or  16°  below  the  sun.  These  points 
vary  with  the  height  of  the  sim,  and  the  two  latter  rise  and  coin- 
cide in  his  centre  when  he  is  in  the  zenith.^ 

1  For  phenomena  and  theory  of  polarised  light,  see  section  21,  '  Connexion 
of  the  Physical  Sciences.' 

2  Every  substance,  whether  solid  or  fluid,  has  its  own  polarising  angle. 
'  The  reader  is  referred  to  a  plate  in  Johnston's  folio  '  Physical  Atlas  ' 

showing  the  phenomena  of  the  polarisation  of  the  atmosphere. 
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Now  the  portion  of  polarised  light  sent  to  the  eye  from  any  part 
of  a  clear  sky  is  in  a  plane  passing  through  that  point,  the  eye  of 
the  observer,  and  the  centre  of  the  sun.  If  that  point  be  the  N. 
pole  of  the  heavens,  it  is  clear  that  as  the  sun  moves  in  his 
diurnal  course,  the  plane  will  move  with  him,  as  an  hour  circle, 
and  may  be  used  as  a  dial  to  determine  the  hour  of  the  day. 
Professor  Wheatstone,  by  whom  that  beautiful  application  of  the 
polarisation  of  the  atmosphere  was  made,  constructed  a  clock 
of  very  simple  form  which  shows  the  time  of  day  with  great 
accm-acy,  and  which  has  many  advantages  over  a  sun  dial. 

§  8.  Electricity. — Electricity  pervades  the  eai-th,  the  air,  and 
all  substances,  without  giving  any  visible  sign  of  its  existence 
when  in  a  quiescent  state,  but,  when  elicited,  it  exhibits  forces 
capable  of  producing  the  most  sudden,  violent,  and  irresistible 
eiiects.  It  is  roused  from  its  dormant  state  by  every  disturbance 
in  the  chemical,  mechanical,  or  calorific  condition  of  matter, 
There  are  two  lands  of  electricity,  positive  and  negative.^  When 
bodies  have  different  kinds  of  electricity  they  attract  each  other, 
and,  when  not  opposed,  the  electricity  coalesces  with  great  ra- 
pidity, producing  the  flash,  explosion,  and  shock,  and  that  with 
the  more  violence  the  greater  the  tension  or  pressure  of  the 
electricity  on  the  surrounding  air  which  resists  its  escape.  Equi- 
librium is  then  restored,  and  the  electricitj'-  remains  quiescent  till 
called  forth  by  a  new  exciting  cause.  "When  similarly  electrified 
they  repel  each  other.  The  electrical  state  of  substances  is 
easily  disturbed,  for  vnthout  contact  positive  electricity  tends  to 
produce  negative  electricity  in  a  body  near  it,  and  vice  versa  :  the 
latter  is  then  said  to  be  electric  by  induction. 

The  electricity  of  the  atmosphere  aiises  from  evaporation,  con- 
densation, and  the  chemical  changes  that  are  in  perpetual  progress 
on  the  earth's  surface  ;  no  electricity,  however,  is  developed  by  the 
evaporation  of  pure  water,  but  it  arises  abundantly  from  water 
containing  matter  susceptible  of  chemical  action  diu'ing  the  evapo- 
ration ;  consequently  the  ocean  is  one  of  the  greatest  sources  of 
atmospheric  electricity  ;  it  ascends  with  the  vapour  into  the  higher 
regions  of  the  atmosphere,  where  there  is  always  a  great  quantity 
of  positive  electricity,  which,  like  the  magnetism  of  the  atmo- 
sphere, increases  with  the  diminished  temperature,  and  accounts 
for  the  violent  electrical  explosions  on  the  high  plains  of  the 
Andes ;  and  the  Acroceraunian  Mountains  have  obtained  their 
name  from  the  frequent  thunderstorms  to  which  they  are  liable. 
Combustion  is  another  source,  and  a  large  portion  arises  from- 
vegetation.     The  air,  -when  piu'e,  is  almost  always  positively 


1  See  sections  28  and  29  of  the  '  Connexion  of  the  Physical  Sciences  : ' 
on  Electricity. 
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electric;  but  as  the  claemical  changes  on  the  earth  sometimes 
produce  positive  and  sometimes  negative  electricity,  it  is  subject  to 
great  local  variations  ;  a  passing  cloud  or  a  puff  of  wind  produces 
a  change,  and  a  distant  storm  renders  it  negative  for  the  time,  but 
the  earth  is  always  in  a  negative  state.  The  quantity  of  electricity 
varies  with  the  hours  of  the  day  and  the  seasons ;  it  is  more 
powerful  in  the  hours  after  sunset,  from  which  it  becomes  less  as 
the  night  advances,  in  winter  than  in  summer,  and  it  diminishes 
from  the  equator  to  the  poles.  It  thunders  daily  in  many  i)lace8, 
in  others  never,  as  on  the  E.  coast  of  Peru  and  in  the  Arctic 
regions,  except  where  there  are  violent  volcanic  explosions,  whicli 
always  generate  electricity,  as  in  Iceland.  Wherever  there  are 
no  trees  or  high  objects  to  conduct  it  to  the  ground,  the  quantity 
of  positive  electricity  increases  with  the  height  above  the  surface 
of  the  earth.  Violent  thimderstorms  take  place  on  the  hio-hest 
summits  of  the  Andes  and  Himalaj^a  Moimtams.  La  Oondamine 
encoimtered  a  violent  thunderstorm  on  a  peak  of  the  Cordilleras 
at  the  height  of  15,970  ft.  On  the  high  table-laud  of  Ethiopia 
they  are  violent,  and  So  frequent,  that  M.  d'Abbadie  calculated 
that  it  thunders  56  out  of  every  100  days.  In  general,  thimder- 
clouds  in  our  latitudes  float  at  the  height  of  from  3000  to  5000  ft. 
above  the  earth,  though  observers  on  the  summit  of  hiUs,  less 
than  a  quarter  of  a  mile  in  height,  have  seen  thundershowers 
below  them. 

Electricity  becomes  very  strong  when  dew  is  deposited,  espe- 
cially after  simdown,  and  in  some  cases  it  is  strongly  developed 
in  fogs.  Mr.  Cross  found  it  so  powerful  on  one  occasion  that  it 
was  dangerous  to  approach  the  apparatus  for  measuring  its  inten- 
sity. A  continued  succession  of  explosions  lasted  nearly  5  hours, 
and  the  stream  of  fire  between  the  receiving  ball  and  the  atmo- 
spheric conductor  was  too  vivid  to  look  at.  M.  Peltier  found 
that  the  common  fogs  arising  from  the  mere  condensation  of  the 
moisture  in  the  air  are  neutral,  but  that  others  which  are  pro- 
duced by  exhalations  from  the  earth  are  sometimes  positive, 
sometimes  negative ;  the  subject,  however,  requires  fm'ther  inves- 
tigation. 

Though  in  long  continued  mild  rains  there  are  no  traces  of 
electricity,  yet  when  rain  or  snow  falls  from  the  higher  regions 
of  the  atmosphere  it  is  more  or  less  developed,  sometimes  positive, 
sometimes  negative,  depending  a  good  deal  on  the  direction  of  the 
wind.  During  a  shifting  fall  of  snow  Mr.  Cross  elicited  electricity 
enough  to  decompose  water.  The  atmosphere  being  positively 
electric,  negative  rain  is  supposed  to  arise  from  the  evaporation  of 
the  drops  in  passing  through  dry  air ;  the  vapour  carries  off  the 
positive  electricity  and  leaves  the  drop  in  a  negative  state— a  cir- 
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cumstance  whicli  seems  to  he  confirmed  hj  the  electricity  of  cas- 
cades, near  wbicli  there  always  is  more  or  less  negative  electricity ; 
the  positive  is  conducted  into  the  earth,  while  the  other  remains 
united  to  the  drops  of  the  cascade. 

The  inductive  action  of  the  earth  upon  the  clouds,  and  of  the 
different  strata  of  clouds  on  each  other,  produces  great  variations 
in  their  electrical  state.  If  rain  falls  from  the  lowermost  of  two 
strata  of  positively  electrical  clouds,  the  inductive  action  of  the 
earth  renders  the  under  surface  positive  and  the  upper  negative,  and 
the  rain  is  positive.  By  and  by  the  under  surface  of  the  cloud  and 
the  earth  hecome  neutral ;  and  after  a  time  the  lower  cloud  becomes 
charged  with  negative  electricity  by  the  induction  of  the  upper 
strata,  and  the  rain  is  then  negatively  electric.  Clouds  are  very 
differently  charged  ;  and  when  clouds  differently  charged  meet,  an 
explosion  takes  place.  When  the  sky  is  clear  and  the  air  calm 
and  warm,  a  succession  of  small  white  fleecy  clouds  rising  rapidly 
above  the  horizon  and  flying  swiftly  in  the  very  high  regions  of  the 
atmosphere,  is  a  certain  presage  of  a  thimderstorm. 

Electricity  of  each  kind  is  probably  elicited  by  the  friction  of 
currents  of  air,  or  masses  of  clouds  moving  rapidly  in  different 
directions,  as  in  thimderstorm s,  when  small  white  clouds  are  seen 
flying  rapidly  over  the  black  mass ;  yet  the  quick  and  irregular 
motion  of  clouds  in  storms  is  probably  owing  to  the  strong  electrical 
attraction  and  repulsion  among  themselves,  though  both  may  be 
concerned  in  these  hostile  encounters.  When  two  clouds  differently 
charged  by  the  sudden  condensation  of  vapour,  and  driven  by 
contending  winds,  approach  within  a  certain  distance,  the  thiclmess 
of  the  coating  of  electricity  increases  on  the  two  adjacent  sides  ; 
and  when  the  accumulation  becomes  so  great  as  to  overcome  the 
coercive  pressure  of  the  atmosphere  between  them,  a  discharge  takes 
place  which  occasions  a  flash  of  lightning.  The  actual  quantity 
of  electricity  in  any  part  of  a  cloud  is  very  small.  The  intensity 
of  the  flash  depends  upon  the  extent  of  surface  occupied  by  the 
electricity,  which  acquires  its  intensity  by  its  instantaneous  con- 
densation. 

The  air,  being  a  non-conductor,  does  not  convey  the  electricity 
fi-om  the  clouds  to  the  earth,  but  the  latter  acquires  from  them  au 
opposite  electricity,  and  when  the  tension  is  very  great  the  force  of 
the  electricity  becomes  irresistible,  and  an  interchange  takes  place 
between  the  clouds  and  the  earth  ;  but  the  motion  of  the  lightning 
is  so  rapid  that  it  is  difficult  to  ascertain  when  it  goes  from  the 
clouds  to  the  earth,  or  from  the  earth  to  the  clouds,  though  there 
is  no  doubt  it  does  both  :  explosions  have  burst  from  the  groimd, 
and  people  have  been  Irilled  by  them.  During  the  Canadian  expe- 
dition of  1857,  Captain  Palliser  frequently  observed,  while  on  Lac 
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la  Pluie  and  elsewhel-e,  that  the  lightning  flashed  upwards  from 
the  earth  to  the  impending  cloud,  when  it  often  presented  the 
appearance  of  a  string  of  bright  beads. 

When  the  quantity  of  electricity  developed  by  the  sudden  con- 
densation of  vapour  is  very  great,  the  lightning  is  alwavs  forked  • 
Its  zigzag  form  is  ascribed  to  the  compression  of  the  air  "before  the 
electricity,  thereby  opposing  greater  resistance,  and  turning  the 
fluid  aside  to  seek  some  path  upon  which  the  resistance  is  less. 
The  author  once  saw  a  flash  divided  into  four  parallel  streams— a 
very  uncommon  occurrence.  Occasionally  in  very  great  storms  the 
hghtnmg  sends  oft'  lateral  branches.  It  often  appears  as  a  globe  of 
fire,  moving  so  slowly  that  it  is  visible  for  several  seconds,  while 
the  flashes  of  forked  lightning  do  not  last  the  thousandth  part  of  a 
second,  but  the  impression  on  the  eye  lasts  much  longer.  Pro- 
fessor Wheatstone,  who  measured  the  velocity  of  lightning  by 
experiments  of  great  ingenuity,  found  that  it  far  surpasses  the 
velocity  of  light.  This  velocity  is  beautifully  exemplified  in  the 
eleclTic  telegraph,  by  which  the  most  violent  and  terrific  agent  in 
nature  is  rendered  obedient  to  man,  and  conveys  his  thoughts  with 
extreme  rapidity.  The  colour  of  lightning  is  generally  a  dazzlmg 
white  or  blue,  though  in  highly  rarefied  aii-  it  is  rose  colour  or 
violet.  The  light  given  out  by  a  flash  of  lightning  is  produced  by 
the  incandescence  of  the  particles  of  air  through  which  the  current 
of  electricity  passes,  the  oxygen,  nitrogen,  and  moisture  present 
being  converted  into  certain  compounds,  such  as  nitric  acid  and  am- 
monia. The  light  seen  is  therefore  not  the  electricity  itself,  which 
being  pure  force  is  perfectly  invisible,  but  simply  the  effect  of  it. 

When  the  air  is  highly  rarefied  by  heat  its  coercive  power  ie 
diminished,  so  that  the  electricity  escapes  from  the  clouds  in  the 
form  of  diffuse  lambent  sheets,  without  thunder  or  rain,  frequently 
seen  in  the  warm  summer  evenings,  sometimes  near  the  zenith,  and 
quite  different  from  that  sheet  lightnmg  at  the  horizon,  which  in 
general  is  only  the  reflection  of  the  forked  lightning  of  a  distant 
storm.  The  author  saw  a  very  remarkable  instance  of  that  glow 
discharge  from  a  terrace  at  a  considerable  height  above  Tiu-in. 
Vineyards  descended  rapidly  to  the  plain  on  one  side,  and  a  crescent 
of  hills  rose  on  the  other.  It  had  thundered  off"  and  on  the  whole 
day  :  in  the  evening  the  heat  was  great  and  the  darkness  intense, 
but  brilliant  flashes  of  lightning  momentarily  illuminated  the 
valleys  of  the  Po  and  Dora,  and  the  magnificent  chain  of  Alps  that 
bounds  them.  By  degrees  the  lightning  became  less  frequent,  and 
at  last  ceased.  The  air  was  perfectly  stiU,  and  the  darlniess 
extreme,  when  a  silvery  blue  light  appeared  in  the  Val  de  Susa,  as 
if  the  moon  had  been  rising ;  it  spread  over  a  great  part  of  the 
Alps,  along  the  tops  of  the  crescent  of  hiUs  behind  the  terrace,  and 
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tlien  a  large  column  of  it  rose  from  the  vineyards  immediately 
below,  and  close  to  the  terrace,  which  made  the  sm-rounding  objects 
visible.  There  was  no  noise  ;  and  in  ten  minutes  it  vanished,  but 
in  about  a  quarter  of  an  hour  the  phenomena  was  repeated  exactly 
in  the  same  manner,  lasted  about  the  same  time,  and  was  followed 
by  a  torrent  of  rain. 

The  sudden  compression  of  air  during  the  passage  of  lightning 
must  convert  a  great  quantity  of  heat  of  expansion  into  sensible 
heat,  for  heat  exists  in  all  bodies  independent  of  their  temperature. 
Heat  is  absorbed  and  becomes  insensible  to  the  thermometer  when 
solids  become  liquids,  and  when  liqiuds  are  changed  to  vapour  ; 
and  it  again  beconies  sensible  when  vapour  is  condensed,  and  when 
liquids  become  solids.  When  water  freezes,  all  the  heat  that  kept 
it  liquid  is  given  out ;  and  when  ice  melts,  it  absorbs  heat  from 
everything  near  it.  The  air  is  full  of  absorbed  heat,  whatever 
•  its  temperature  may  be,  but  it  can  be  squeezed  out  by  sudden 
compression  so  as  to  Mndle  tinder.  Every  aerial  wave,  every 
soxmd,  every  word  spoken,  must  set  free  an  infinitesimal  quantity  of 
heat ;  so  everything  that  tends  to  rarefy  the  air  must  cause  it  to 
absorb  a  proportional  quantity. 

Thunder  is  considered  to  be  the  result  of  the  sudden  re-entrance 
of  the  air  into  a  void  space,  caused  by  the  lightning  in  its  passage 
through  the  air.  The  electrical  force  communicates  a  powerful 
repulsive  force  to  the  particles  of  air  along  the  path  of  its  discharge, 
producing  thus  a  momentary  void,  into  which  the  air  rushes  again 
with  a  force  proportioned  to  that  which  caused  the  separation. 
The  rolling  noise  of  thimder  is  evidently  owing  to  the  difference 
between  the  velocity  of  lightning  and  that  of  sound ;  the  clouds 
at  different  distances  giving  rise  to  a  series  of  echoes  which  reach 
the  ear  at  irregular  intervals.  Thunder  maybe  regarded  as  origin- 
ating in  every  point  of  a  flash  of  lightning  at  the  same  instant ;  and 
as  sound  takes  a  considerable  time  to  travel,  it  Avill  arrive  first  from 
the  nearest  point;  and  if  the  flash  run  in  a  direct  line  from  a 
person,  the  noise  will  come  later  and  later  from  the  remote  points 
of  its  path,  in  a  continued  roar.  Should  the  direction  of  the 
flash  be  inclined,  the  succession  of  sounds  will  be  more  rapid  and 
intense  ;  and  if  the  lightning  describe  a  circular  course  above  a  per- 
son, the  sound  will  arrive  at  the  same  instant  from  every  point  with 
a  stunning  crash.  ^    The  rolling  is  also  partly  the  result  of  echoes. 

•  Sound  travels  at  the  rate  of  ]  120  ft.  in  a  second  in  air  at  the  tempera- 
ture of  62°  Fahr. ;  so,  if  that  number  be  multiplied  by  the  number  of 
seconds  elapsed  between  the  flash  of  lightning  and  the  thunder,  the  result 
■will  be  the  distance  in  feet  at  which  the  stroke  took  place.  A  relative  of 
the  author's  was  fishing  in  the  Tweed  on  a  very  sultry  day,  and  lay  down 
on  the  grass  to  rest :  he  was  astonished  to  hear  repeated  peals  of  thunder 
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In  passing  to  the  earth,  lightning  follows  the  hest  conductors — 
metals  by  preference,  then  damp  substances — whicli  is  the  reason 
why  men  and  animals  are  so  often  struck.  If  it  meets  with  a  bad 
conductor  it  shivers  it  to  pieces,  and  scatters  the  fragments  to  a 
considerable  distance.  A  powerful  flash  scatters  gmipowder,  while 
a  feeble  one  ignites  it;  the  hardest  trees  are  split  and  torn  to 
shreds  ;  when  a  tree  is  struck,  the  heat  of  the  flash  converts  the 
sap  into  steam,  the  expansive  force  of  which  shivers  the  tree.  The 
surface  of  rocks  is  vitrified  by  it :  and  when  it  falls  on  a  sandy  soil, 
its  course  under  ground  is  marked  vitrifying  the  sandy  particles, 
and  forming  of  them  tubes  many  feet  long. 

Where  the  trade  winds  blow  thunderstorms  are  hardly  known 
though  electric  discharges  are  frequent  in  the  zones  of  calms,  at 
their  hmits.  At  the  change  of  the  monsoons  masses  of  black 
clouds  roll  over  the  sky,  the  darkness  is  reflected  from  a  calm  sea, 
dead  stillness  and  silence  prevail  till  the  '  thunder  utters  his  voice,'' 
and  the  war  of  the  elements  begins — terrible  on  laud,  but  terrific 
in  a  ship  far  at  sea. 

In  Greece  and  Italy  there  are  about  40  thunderstorms  annually, 
which  occur  in  spring  and  autumn,  w^hile  N.  of  the  Alps  they 
chiefly  take  place  in  summer.  There  are  about  24  in  the  year  on 
the  coasts  of  the  Atlantic  and  in  Germany,  but  they  are  much  more 
frequent  among  mountains  than  on  plains.  In  the  interior  of  the 
old  continent  they  rarely  occur  in  winter,  and  three  fourths  of 
the  number  happen  in  summer.  In  Lower  Peru,  where  it  never 
rains,  thunder  is  never  heard.  Thunderstorms  are  of  such  rare 
occurrence  in  high  latitudes,  that,  in  a  residence  of  six  years  in 
Greenland,  Geiseke  only  heard  it  thunder  once. 

Some  storms  arise  from  the  contention  of  opposite  currents  in  the 
air ;  others  are  occasioned  by  currents  of  warm  air  ascending  from 
the  earth,  which  are  suddenly  condensed  as  they  enter  the  upper 
regions  of  the  atmosphere,  and,  as  this  sometimes  happens  at  the 
hottest  hour  of  the  day,  these  storms  are  periodical  for  many  suc- 
cessive days,  recurring  always  at  the  same  hour.  Volcanic  erup- 
tions, whirlwinds,  and  waterspouts,  Avhich  cause  the  moving  of 
vast  masses  of  air  and  the  rapid  condensation  of  vapour,  are  also 
generally  attended  by  thunder  and  lightning.  Sometimes  they 
extend  over  a  great  expanse  of  country,  and  the  lightning  darts 
from  all  points  of  the  compass.  A  person  may  be  killed  at  the 
distance  of  20  m.  from  the  explosion  by  the  hack  stroke.  If  the 
two  extremities  of  a  highly  charged  cloud  dip  towards  the  earth 


as  there  was  not  a  cloud  to  be  seen  in  the  sky ;  two  hours  afterwards  clouds 
began  to  rise,  and  in  the  afternoon  there  was  a  thunderstorm  ;  the  sound 
had  been  conveyed  down  the  river  by  the  stream. 
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they  will  repel  the  electricity  of  the  latter,  if  it  be  of  the  same 
kiud  with  their  own,  and  will  attract  the  other  kind ;  and  if  a 
discharge  should  take  jDlace  at  one  end  of  the  cloud,  the  equilibrium 
will  instantly  be  restored  by  a  flash  from  that  part  of  the  eartli 
which  is  under  the  other,  sufficiently  strong  to  destroy  life ;  the 
back  sti-oke  is  the  most  dangerous,  though  never  so  strong  as  the 
direct  one. 

When  thunderclouds  are  very  low,  there  is  frequently  no  light- 
ning ;  the  electricity  produced  by  induction  is  so  powerful  that  it 
escapes  from  pointed  objects  in  the  shape  of  flame,  known  as 
St.  Elmo's  fire.  These  flames  are  not  unfi-equently  seen  at  the 
topmasts  of  ships  and  the  extremities  of  their  yards.  Bodies  be- 
tween the  clouds  and  earth  may  be  electricised  by  induction,  and 
their  electricity  will  be  seen  in  the  form  of  flame,  as  showers  of 
phosphorescent  snow. 

Phosphorescence  is  ascribed  to  electricity  ;  various  substances 
emit  light  when  decaying,  as  fish  and  wood.'  Many  marine  animals 
are  phosphorescent,  and  the  luminous  appearance  which  the  sea 
sometimes  assumes  is  principally  to  be  attributed  to  this  cause, 
although  in  some  localities  the  slow  combustion  of  the  phosphorus 
in  the  decaying  animal  matter  it  contains  may  in  a  slight  degree 
contribute  to  it.  °  ° 

§  9.  IWCag-netism.— Magnetism  is  one  of  those  molecular  forces 
which,  like  electricity  and  heat,  are  known  only  by  their  effects. 
It  is  evidently  identical  with  electricity,  the  two  forms  of  force 
being  readily  convertible  into  each  other. 

The  action  of  terresti-ial  magnetism  upon  the  magnetic  needle 
is  extremely  complicated  ;  the  direction  of  the  force  horizontally 
IS  determined  by  the  declination  needle,  or  mariner's  compass,  and 
vertically  by  the  dipping  needle :  they  consist  of  magnetised 
needles,  or  bars  of  steel,  so  suspended  that  the  declinatioS  needle 
revolves  m  a  horizontal  direction,  and  the  dipping  needle  in  a  plajie 
perpendicular  to  the  horizon.  The  variations  of  magnetic  force  are 
determined  by  comparing  the  squares  of  the  numbers  of  vibrations 
made  by  the  dipping  needle  in  a  given  time. 

_  The  N  end  of  the  dipping  needle  sinks  or  dips  below  the  horizon 
in  the  N.  hemisphere,  the  S.  end  sinks  or  dips  beneath  it  in  the  S 
hemisphere,  and  between  the  two  there  is  a  line  which  encircles  the 
wliole  earth,_  where  the  dipping  needle  remains  horizontal.  That 
line,  which  IS  the  magnetic  equator  or  line  of  no  dip,  crosses  the 
terrestrial  equator  m  two  places  ;  one  lies  a  little  to  the  E  of  the 
meridian  of  Greenwich,  and  the  other  in  170°  E.  lono-  •  it  extends 
alternately  on  each  side,  but  never  deviates  more  than  12°  or  15° 
T         iT"^  magnetic  equator  the  needle  dips  more 

and  more,  till  at  last  it  becomes  perpendicular  to  the  horizon  in 
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two  points,  or  rather  spaces,  known  as  the  N.  and  S.  Magnetic  Poles, 
wbicli  are  quite  distinct  from  the  poles  of  the  earth's  rotation.  One, 
the  position  of  which  was  determined  by  the  late  Sir  James  Ross, 
is  in  70°  N.  lat.  and  97°  W.  lon^.,  while  that  in  the  southern 
hemisphere  is  placed  by  the  same  celebrated  navigator,  from  liis 
observations  in  1841  in  the  interior  of  Victoria  Island,  in  75°  5'  S. 
lat.,  and  154°  8'  E.  long.  Lines  of  Equal  Dip  are  such  as  may  be 
drawn  on  a  globe  through  all  those  places  where  the  dipping 
needle  makes  the  same  angle  with  the  horizon.  The  Mean  Dip 
for  Great  Britain  in  1860  was  fixed  by  General  Sabine  at  68°  59'. 
The  Maximuin  Dip  for  the  same  year  was  found  to  be  71°  29'  5" 
at  Jordan  Hill,  near  Glasgow,  the  Minimum  at  St.  Leonards  being 
67°  44'  5". 

The  Magnetic  Meridian  is  the  mean  direction  which  a  freely 
suspended  horizontal  needle  assumes  when  left  to  itself.  The 
magnetic  meridians  coincide  with  the  geographical  meridians  in 
some  places,  and  in  these  the  magnet  points  to  the  true  N.  and  S. 
— that  is,  to  the  poles  of  the  earth's  rotation.  But  if  it  be  carried 
successively  to  different  longitudes,  it  will  deviate  sometimes  to 
the  E.,  sometimes  to  the  W.  of  the  ti'ue  N.  Imaginary  lines  on 
the  globe,  passing  through  all  places  where  the  needle  points  to 
the  poles  of  the  earth's  rotation,  are  lines  of  no  variation  ;  and  lines 
passing  through  aU  places  where  it  deviates  by  an  equal  quantity 
from  the  geographical  meridians  are  lines  of  equal  variation  ;  they 
are  also  very  irregular,  and  form  two  closed  systems,  or  loops — 
that  is,  they  sm-round  two  points,  'one  in  North  Siberia,  and  another 
in  the  Pacific,  nearly  in  the  meridian  of  the  Pitcairn  Islands  and 
the  Marquesas.!  The  variation  of  the  needle  from  the  true  N.  in 
1864  was  20°  45'  W. 


1  The  author  is  indebted  to  the  investigations  of  General  Sabine  for 
almost  all  her  information  on  the  subject  of  terrestrial  magnetism.  In 
these  and  in  his  notes  to  the  English  translation  of  Humboldt's  '  Cosmos,' 
the  reader  will  And  the  foundation  of  all  that  is  most  interesting  on  the 
subject.  In  his  own  Avorks  there  are  plates  of  the  course  of  the  different 
magnetic  curves  mentioned  in  the  text.  The  most  practically  useful 
element  of  terrestrial  magnetism,  the  declination  or  variation,  has  of  late 
years  formed  an  important  object  of  observation  by  the  officers  of  our  navy. 
A  vast  number  have  been  accumulated  from  every  quarter  of  the  globe,  at 
the  Hvdrographical  Office,  where  they  are  discussed,  and  laid  down  on  the 
charts'  issued  by  the  Admiralty.  The  British  Association  Reports  and 
the  'Philosophical  Transactions'  are  from  time  to  time  fidl  of  interesting 
observations  of  magnetic  phenomena.  For  those  who  wish  to  pursue  the 
subject  further,  General  Sabine's  '  Memoir  on  the  Observations  taken  at 
Kew  and  Nertschink,'  'Phil.  Trans.,'  1864,  and  Dr.  Balfour  Stewart's 
Lecture  on  this  subject  in  the  Proceedings  of  the  Royal  Institution  for  1864, 
may  be  consulted  with  profit. 


Chap.  XXIV. 


MAGNETISM. 


353 


The  Intensity  of  the  magnetic  force  is  as  variable  and  even  more 
complicated  than  the  other  magnetic  phenomena.  From  observa- 
tions made  in  various  parts-  of  the  earth  it  has  been  determined 
that  there  are  fom-  points  in  which  the  intensity  is  greater  than 
anywhere  else.  Two  of  these  are  in  the  N.  and  two  in  the  S. 
hemisphere;  they  neither  coincide  with  the  poles  of  the  earth's 
rotation  nor  with  the  magnetic  poles,  nor  are  they  all  of  equal 
intensity. 

One  of  these  foci  of  Maximum  Magnetic  Intensity  is  situated 
in  N.  America,  S.W.  from  Hudson  Bay  ;  another  is  in  N.  Siberia, 
in  120°  E.  long.  In  the  S.  hemisphere,  one  of  the  points  of  maxi- 
mum magnetic  intensity  is  in  the  S.  Atlantic,  in  20°  S.  lat.  and 
324°  E.  long.,  and  the  other  in  60°  S.  lat.  and  131°  20'  E.  long.  In 
consequence  of  the  unequal  intensity  of  the  force  in  these  four  foci, 
the  decrease  in  magnetic  power  from  them  towards  the  equator  is 
extremely  irregular,  so  that  the  Dynamic  Equator,  which  is  a  line 
supposed  to  be  drawn  through  all  the  points  of  the  earth  where  in 
each  geographical  meridian  the  intensity  is  the  least,  encircles 
the  globe  in  a  waving  line,  which  coincides  with  neither  the  geo- 
graphical nor  magnetic  equator ;  it  forms  the  division  between 
the  magnetic  intensities  in  the  two  hemispheres.  The  foci  are  all 
of  diiFerent  intensities ;  that  in  the  S.  Atlantic,  discovered  by  M. 
Erman,  has  the  least  intensity  of  the  four,  and  the  other  in  the 
S.  hemisphere,  discovered  by  Sir  James  Eoss,  has  the  greatest ; 
taking  1  as  the  unit  at  the  magnetic  equator  in  Peru,  as  deter- 
mined by  Humboldt,  their  iuteusities  are  as  2-071  and  0-706.  In 
the  N.  hemisphere  the  American  focus  is  more  intense  than  that 
in  Siberia,  which  is  moving  from  W.  to  E.,  while  the  minor 
focus  in  the  S.  hemisphere  is  moving  from  E.  to  W.  Lines 
drawn  on  a  globe  through  all  the  points  where  the  magnetic  in- 
tensity is  the  same  are  so  complicated  that  it  is  scarcely  possible 
to  convey  an  idea  of  them  in  words.  They  form  a  series  of  ovals 
round  eacli  of  the  foci  of  maximum  force  in  each  hemisphere  In 
the  N.  hemisphere  they  form  the  figure  of  8,  having  a  focus  and 
Its  ovals  m  each  loop ;  then  they  open  into  tortuous  Hues  which 
encompass  the  globe,  but  which  become  less  tortuous  as  they 
approach  the  dynamic  equator.  The  complication  is  increased 
by  the  toci  mthe  two  hemispheres  being  unsymmetrically  placed 
with  regard  to  one  another,  as  weU  as  by  the  difference  in  their 
intensities.  The  measurement  of  magnetic  intensity  by  British 
observers  is  referred  to  an  absolute  imit  of  measurement,  that 
determined  by  Humboldt  being  purely  arbitrarv.  The  British 
ahsolute^  unit  is  an  amount  of  magnetic  force  capable  of  moving- 
one  gram  of  matter  through  the  space  of  one  foot  in  one  second  of 
time.    Ihe  magnetic  intensity  at  London  in  1864  was  10-29 
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i.e.  it  is  equal  to  a  force  that  would  move  a  mass  of  water 
weighing  one  grain  through  10-29  ft.  in  one  second.  The  minimum 
of  magnetic  intensity  yet  measured  would  be  6-4,  tlie  maximum 
16-8.  The  minimum  of  magnetic  intensity  for  Great  Britain, 
as  measured  by  General  Sabine  in  1860,  was  10-626,  at  Fern  Tower, 
near  Crieff,  situated  in  56°  22'  N.  lat.,  and  3°  50'  W.  long. ;  the 
minimum  measured  at  St.  Leonards-on-Sea  was  10-225,  and  the 
mean  of  a  large  number  of  observations  made  in  various  districts 
10-332.  He  also  found  that  the  lines  of  magnetic  intensity  ran 
due  E.  and  N.,  seeming  to  follow  the  isothermal  very  closely. 
The  lowest  minimum  of  magnetic  force,  as  observed  by  A.  Erman, 
was  at  19°  59'  S.  lat.  and  10°  2'  E.  long.,  counting  from  Paris. 
The  intensity  increases  as  it  approaches  the  four  maximum 
points. 

Thus  it  appears  that  there  are  six  points  on  the  earth  which 
form  as  it  were  centres  of  magnetic  force,  all  of  which  are  distinct 
from  one  another  and  from  the  poles  of  the  earth's  rotation  :  namely, 
two  magnetic  poles,  where  the  dipping  needle  is  at  an  angle  of  90 
deorees^with  the  horizon,  and  four  points  which  are  the  foci  of 
ma^o-netic  intensity— that  is,  where  the  total  magnetic  force  is  a 
maximum.  There  are  also  two  remarkable  Hues  which  encompass 
the  earth  neither  of  which  coincides  with  the  geographical  equator : 
namely,  the  ma-netic  equator,  in  every  point  of  which  the  angle  of 
the  dip  is  zero  Tit  encircles  the  earth  and  intersects  the  terrestrial 
equator and  the  djoiamical  equator,  or  line  of  minimum  magnetic 
intensity,  which  surrounds  the  earth  in  an  irregular  hue,  but  neither 
coincides  with  the  terrestrial  nor  magnetic  equator;  besides  taese, 
there  is  a  zone  which  is  supposed  to  pass  through  all  places  where 
the  horary  variations  of  the  magnet  partake  of  the  phenomena  oi 
each  hemisphere  alternately;  it_ either  partly  or  nearly  coincides 
with  the  line  of  minimum  intensity. 

Complicated  as  the  magnetic  phenomena  are,  they  are  rendered 
still  more  so  by  the  secular  periodic  and  occasional  variations  to 
which  they  are  liable.  The  foci  of  maximum  intensity  and  the 
whole  system  of  the  magnetic  curves  are  moving  along  the  two 
hemispheres  in  different  directions;  those  in  the  northern  in  a 
direction  from  W.  to  E.,  and  those  in  the  southern  from  E.  to  ^\  . , 
and  as  the  foci  of  greatest  intensity  move  with  different  velocities 
the  forms,  as  well  as  the  positions,  of  the  curves  are  rapidly  and 
1  =W  Phanainff  so  that  in  the  course  of  a  few  years  the 
S  intrs  Se,n  is  alteved,  Ge„er.l  Sabine  has  shown 
ftat  th"  weaker  magnetic  focus  in  the  K  hemisphere  has  moved 
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in  the  same  direction  since  the  year  1678.  The  poles  seem  to 
increase  in  magnetic  force  the  nearer  they  approach  to  one  another, 
and  the  intensity  is  also  increased  in  the  space  between  them. 
Hence  in  the  N.  hemisphere  the  effect  of  the  secular  easterly 
motion  of  the  weaker  magnetic  pole  is  to  increase  the  magnetic 
dip  and  force  E.  of  the  120th  meridian  and  to  diminish  them  to  the 
W.  of  it.  For  example,  at  Toronto  in  Canada,  the  total  force  has 
a  secular  increase  of  -0052  annually,  and  the  dip  or  inclination, 
which  was  75°  I7'-63  in  1840,  has  an  annual  increase  of  I'-Q. 
Moreover,  the  declination  has  a  secular  westerly  increase,  the  rate 
of  which  is  augmenting,  for  at  the  end  of  1851  the  mean  annual 
increase  was  l'-952,  at  the  end  of  1854  it  was  2'-64,  and  at  the  end 
of  1855  it  was  3'-4.  On  the  contrary,  the  total  force  is  decreasino- 
in  Europe,  and  at  London  there  is  an  annual  decrease  of  2'-7  in 
the  inclination,  and  of  1'  in  the  declination  westerly. 

In  the  S.  hemisphere  the  force  is  greater  in  the  principal  pole 
than  in  the  pole  of  maximum  intensity  in  the  northern,  probably 
because  the  foci  of  maximum  force  are  only  90  degrees  apart, 
while  in  the  N.  hemisphere  they  are  150  degrees.    In  the  s! 
hemisphere  the  secular  fluctuations  are  in  an  opposite  direction 
to  those  in  the  northern.    At  St.  Helena  the  declination  has 
increased  dm-ing  the  last  200  years  at  a  nearly  imiform  rate  of 
8'  annually.    It  takes  place  in  equal  aliquot  portions  in  each  of  the 
twelve  months ;  whence  General  Sabine  infers  that  the  secular 
changes  must  proceed  from  causes  which  act  with  surprisino- 
imiformity  and  regidarity  through  a  long  succession  of  years.  The 
laws  and  causes  of  these  secular  variations  are  miknown  •  their 
discovery  is  reserved  for  future  generations,  who  will  have  the 
advantage  of  the  most  extensive  and  perfect  system  of  observation 
that  has  ever  been  made  on  the  state  of  terrestrial  magnetism,  and 
the  charts  which  represent  them  form  a  magnetic  epoch  whence 
all  future  changes  may  be  estimated. 

The  three  magnetic  elements,  the  total  force,  inclination,  or  dip 
and  the  declination,  are  subject  to  annual  variations  dependino- 
upon  a  variety  of  causes,  at  present  involved  m  some  obscurity^ 
which  sometimes  appear  to  unite  and  produce  violent  disturbances 
more. or  less  irregular  in  all  their  magnetic  elements,  and  known' 
as  magnetic  storms.  These  simultaneous  disturbances  are  closely 
watched  m  different  parts  of  the  world,  and  the  observations  of 
which  there  are  now  some  millions,  show  that  they  are  frequently 
simultaneous  over  a  large  portion  of  the  earth's  surface.  A  notable 
magnetic  storm  was  simidtaneously  perceptible  at  Toronto,  Oape 
Prague,  and  Ilobarton.  Another  was  simultaneously  filt  in 
Sicdy  and  at  Upsala,  while  at  Altona  it  was  imperceived  These 
periodical  disturbances  are  so  regular  in  their  simultaneity  that  it 
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has  136611  8uggest6d  that  they  may  be  used  for  determining  the 
diiFerence  of  longitude  hetween  two  stations.  These  disturbances, 
which  were  long  believed  to  be  casual  and  irregular,  General 
Sabine  found  to  be  apparently  governed  by  the  sun's  place  in 
the  heavens  ;  numerous  observations  proving  that  although  they 
may  vary  locally,  both  in  direction  and  intensity,  the  hourly  and 
annual  variations  at  one  spot  appear  to  differ  in  the  same  ratio  as 
those  taken  elsewhere.  These  diurnal  and  annual  variations  may 
be  dependent  either  on  the  varying  heat  or  place  of  the  sun,  or  on 
both,  for  it  is  found  that  the  three  magnetic  elements  deviate  from 
their  mean  annual  state,  so  as  to  have  maximum  values  in  Sep- 
tember and  April,  and  minimum  in  January  and  June,  the  aggre- 
gate of  the  maximum  values  being  three  times  greater  than  that 
of  the  minimimi. 

On  accoimt  of  the  rotation  of  the  earth,  the  diurnal  disturbances, 
the  total  force,  and  consequently  the  inclination  also,  deviate  from 
their  mean  value,  and  have  two  maximum  values  and  two  mmi- 
mum  in  the  course  of  24  hours,  and  the  declination  makes  two 
deviations  to  the  E.  and  two  to  the  W.  from  its  mean  position  m 
the  same  period.  The  great  disturbances  are  found  to  be  mde- 
pendent  of  the  meteorological  variations  gBing  on  at  the  same 

time.  .    .       .1  AT 

Throuf^hout  the  middle  latitudes  of  the  N.  hemisphere  the  iN. 
end  of  the  magnet  has  a  mean  motion  from  E  to  W-  from  eight  m 
the  morning  tiU  half  past  one  ;  it  then  moves  to  the  E.  till  evening, 
after  which  it  makes  another  excursion  to  the  W.,  and  returns 
ao-ain  to  its  original  position  at  eight  in  the  morning.    The  extent 
of  its  variation  is  greater  in  the  day  than  in  the  night,  m  simmer 
than  in  winter.    It  decreases  from  the  middle  latitudes  m  Europe, 
where  it  is  13  or  14  minutes,  to  the  equator,  where  it  is  only 
three  or  four  •  but  at  the  equator  the  variations  take  place  with 
extreme  re<^ularitv.    The  horary  motions  of  the  S.  end  of  the 
mac-net  in  the  S.  hemisphere  are  accomplished  m  an  exactly  oppo- 
site''direction.    Between  the  two  magnetic  hemispheres  there 
is  a  zone  passing  through  an  infinity  of  places,  and  very  nearly 
coinciding  with  the  line  of  minimum  magnetic  intensity,  where 
the  horary  phenomena  of  both  hemispheres  are  combine^-  each 
predominating  alternately  at  opposite  seasons.    At  bt.  Helena 
one  bf  the  places  in  question  and  nearly  on  the  hne  of  mmimum 
intensity,  the  horary  motion  of  the  N.  end  of  the  magnet  corre- 
in  direction  during  one  half  of  the  year  with  the  move- 
r:;t  in  the  N.  hemisphere,  and  in  the  other  half  of  the  year  the 
direction  at  the  same  hours  corresponds  with  that  m  the  b 
bemtpbere:  the  passage  from  the  one  to  the  other  being  at  the 
eqZxes,  ^hen  the  diurnal  variations  at  the  usual  hours  partake 
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more  or  less  of  the  characteristics  of  both  on  different  days.i  This 
vai-iation  is  owing  to  the  sun's  declination,  its  maxima  happening 
when  the  sun  is  m  or  near  the  opposite  solstices,  and  disappearing 
at  or  near  the  epochs  of  the  equinoxes. 

It  had  been  found  that  the  diui-nal  variation  of  each  of  these 
magnetic  elements  was  a  double  progression,  having  each  two 
maximum  and  two  minimum  values  in  their  respective  periods. 
From  an  attentive  observation  of  the  results  obtained  at  the 
British  colonial  observatories.  General  Sabine  was  led  to  ^  the 
belief  that  the  double  progression  was  the  effect  of  two  combined 
or  superposed  variations  which  have  different  hoiu's  of  maxima 
and  minima,  and  are  occasioned  by  distinct  causes ;  one  being  the 
regular  diurnal  variation  caused  by  the  difference  in  the  suns 
position  relatively  to  the  place  of  observation  at  the  different 
hours  of  the  day  and  night,  and  the  other  being  the  mean  effect  of 
the  occasional  or  casual  distm-bances.  The  separation  of  these 
two  variations,  in  order  to  ascertain  the  distinct  laws  of  the 
re>5-iilar  solar-diurnal  and  the  casual  variations,  General  Sabine  ac- 
complished by  the  reduction  and  comparison,  according  to  a  method 
devised  by  himself,  of  more  than  100,000  observations,  and  has 
thereby  established  the  strict  periodical  character  of  the  magnetic 
storms  and  their  influence  in  producing  the  double  maximum  and 
minimum  of  the  diurnal  variation.  In  addition  to  the  annual 
and  diurnal  periods  which  this  examination  proved  to  belong  to 
the  casual  disturbances,  it  showed  also  that  their  frequency  and 
amount  in  different  years  gradually  and  steadily  increased  from  a 
minimum  in  the  year  1843  to  a  maximum  in  1848,  so  as  to  be  more 
than  twice  as  great  at  the  end  of  that  time  as  at  the  beginning 
of  it.  Thus  a  variation,  having  its  period  nearly  11  years,  was 
clearly  established  in  the  casual  disturbances  of  each  of  the  three 
magnetic  elements,  and  concurrently  with  this  a  variation  having  a 
similar  period  and  similar  epochs  of  maxima  and  minima  was 
shown  to  exist  in  the  solar-diurnal  variations  of  each  of  the  three 
elements. 

This  variation  is  a  most  important  discovery  in  itself,  but 
becomes  much  more  so  from  its  connexion  with  the  spots  on  the 
surface  of  the  sim,  first  pointed  out  by  General  Sabine,  which  has 
changed  the  received  opinion  as  to  the  cause  of  the  variations  in 
terrestrial  magnetism.  M.  Schwabe  had  observed  with  care  the 


1  At  St.  Helena  the  N.  end  of  the  needle  reaches  its  E.  extreme  in  May, 
June,  July,  and  August,  and  nearly  at  the  same  hours  it  reaches  its  VV. 
extreme  in  November,  December,  January,  and  February.  The  passage 
from  one  to  the  other  takes  place  at,  or  soon  after,  the  equinoxes,  in  March 
and  April,  September  and  October. — Sabine's  Notes  to  '  Cosmos,'  vol.  ii. 
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solar  spots  during  a  period  of  24  years,  and  found  that  they  are 
periodical  hoth  in  frequency  and  number,  having  a  regular  maxi- 
mum and  minimum  every  5  years,  the  minima  being  in  the  years 
1833  and  1843,  and  the  maxima  in  1838  and  1848 ;  thus  exactly 
coinciding  with  the  period  of  the  decennial  variation  in  the  mag- 
netic elements.^  ° 
There  is  but  little  doubt  that  magnetic  storms  are  induced,  or 
at  any  rate  intensified,  by  changes  m  the  sun's  atmosphere.  M. 
Schvs^abe's  observations  have  received  striking  confirmations  from 
various  observers.  In  1861  Mr.  Oarrington  was  attentively 
watching  a  large  sun  spot,  a  minute  point  of  which  suddenly  burs 
out  into  a  brilliant  blaze  of  light ;  on  making  inquiries  at  F.ew  it 
was  found  that  a  severe  magnetic  stoi-m  took  place  exactly  at  the 
same  moment. 

A  series  of  observations  made  on  the  declination,  by  Captain 
Maguire,  E.N.,  at  Point  Barrow,  on  the  sliores  of  the  Polar  Sea, 
prove  beyond  a  doubt  that  the  casual  disturbances  there  are 
subject  to  the  laAvs  of  the  solar  hours  and  of  the  solar  spots. 
There  is  also  a  double  progression,  the  principal  maximiun  being 
at  eight  in  the  morning  both  at  Point  Barrov;-  and  Toronto,  and  a 
secondary  maximum  a  little  before  midnight.  When  the  great 
distiu'bauces  were  separated,  the  solar-diurnal  variations  appeared 
to  be  the  same  with  those  at  Toronto  and  throughout  the 
extra-tropical  part  of  the  N.  hemisphere,  the  epochs  of  the  extreme 
easterly  and  westerly  variations  being  the  same  at  both  stations. 
But,  notwithstanding  these  coincidences,  there  is  a  complete 
antagonism  in  the  disturbance  variations  at  Point  Barrow  and 
Toronto,  the  epochs  of  the  deflections  of  the  needle  being  nearly 
opposite  to  one  another  at  the  two  stations,  so  that  at  nearly 
the  -very  same  hour  the  distiu'bance  was  easterly  at  the  one  station 
and  westerly  at  the  other,  and  vice  versa.  At  the  same  time  a 
strong  analogy  was  observed  to  exist  between  the  eastern  disturb- 
ance deflections  at  Toronto  and  the  western  at  Point  Barrow,  and 
between  the  western  disturbance  deflections  at  Toronto  and  the 
eastern  at  Point  Barrow. 

The  deflection  caused  by  the  occasional  disturbances  at  Point 
Barrow  is  very  much  greater,  when  compared  with  the  same  at 
Toronto,  than  can  be  explained  by  the  diflerence  of  the  horizontal 
force  of  the  earth  at  the  two  stations.  The  mean  daily  eflect  of  the 
casual  disturbances  was  found  to  be  more  than  ten  times  greater  at 
Point  Barrow  than  at  Toronto  ;  hence,  as  it  may  be  greater,  equal 
to,  or  less  than  the  diurnal  solar  variation,  according  to  the  lati- 


1  In  consequence  of  the  ao'ion  of  the  planets  Venns  and  Jupiter  on  the 
■6un'«  equator  the  ])erk)d  of  the  spots  is  increased  to  lU  years. 
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tilde,  it  may  occasion  a  great  variety  of  phenomena  in  different 
localities.  Besides,  the  aurora  was  seen  contemporaneously  with 
the  ohservatious  1077  times  in  6  months,  which  strikingly  accords 
with  the  excessive  amount  of  the  occasional  disturbances  at  Point 
Barrow,  as  it  is  well  known  to  affect  the  magnetic  needles;  but  as 
there  were  great  disturbances  when  there  was  no  aurora,  it  cannot 
be  admitted  to  be  the  sole  cause  of  the  unusuaUy  great  disturb- 
ances at  Point  Barrow. 

Every  series  of  observations  shows  the  universal  prevalence  of 
the  period  in  question  in  the  solar  magnetic  variations.  It  is  a 
discovery  of  the  highest  importance,  as  it  proves  that  the  solar 
influence  on  terrestrial  magnetism  is  cosmic,  and  not  thermic,  as 
has  been  generally  believed  ;  and  this  is  confirmed  by  the  action  of 
the  moon,  which  has  little  heat.  M.  Kreil,  of  Milan,  first  dis- 
covered the  existence  of  a  lunar  diurnal  variation  in  the  declina- 
tion, but  since  that,  the  numerical  values  of  the  diurnal  lunar 
variations  in  all  the  three  magnetic  elements  have  been  determined 
at  all  our  colonial  observatories,  and  it  was  found  that  these 
vaiiations  presented  the  same  general  characters  at  the  three 
-stations.  Tliey  are  not  affected  by  the  decennial  variation  which 
is  found  in  all  the  solar  inequalities,  but  yet  they  follow  a  double 
progression,  having  in  each  element  two  maxima  and  two  minima 
in  24  hours,  which  constitutes  a  marked  difference  between  the 
action  of  the  sun  and  the  moon  on  terrestrial  magnetism.^ 

The  discovery  of  the  magnetism  of  the  atmosphere  and  the 
effects  of  the  astounding  display  on  August  29  and  September  2, 
1859,  place  the  aurora  unquestionably  in  the  class  of  electro-mag- 
netic phenomena.  The  aurora  occurs  in  the  N.  and  S.,  where  the 
air  is  highly  condensed  by  cold,  and  consequently  highly  magnetic. 
It  generally  appears  soon  after  sunset  in  the  form  of  a  luminous 
arch  stretching  more  or  less  from  E.  to  W.,  the  most  elevated 
point  being  frequently  iu  the  magnetic  meridian  of  the  place  of  the 
observer:  across  the  arch  the  coruscations  are  rapid,  vivid,  and 
of  various  colours,  darting  like  lightning  to  the  zenith,  and  at  the 
same  time  flitting  laterally  with  incessant  velocity.  The  bright- 
ness of  the  rays  varies  in  an  instant :  they  sometimes  surpass  the 
splendour  of  stars  of  the  first  magnitude,  and  often  exhibit  colours 
of  admirable  transparency,  blood  red  at  the  base,  emerald  green  in 
the  middle,  and  clear  yellow  towards  their  extremity.  Sometimes 
one,  and  sometimes  a  quick  succession  of  luminous  currents  run 
irom  one  end  of  the  arch  or  bow  to  the  other,  so  that  the  rays 


1  M.  Lamont,  of  Munich,  has  discovered  that  an  electric  current  is  pro- 
pagated tliroH.i;h  the  surface  of  the  eartli  parallel  to  the  equator,  which  is 
int.imatftly  connected  with  the  magnetic  variations. 
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rapidly  increase  in  brightness.  The  rays  occasionally  dart  far 
past  the  zenith,  vanish,  suddenly  reappear,  and,  being  joined  by 
others  from  the  arch,  form  a  maguiiicent  corona  or  immense  dome 
of  light.  The  segment  of  the  sky  below  the  arch,  which  rises 
ordinarily  to  the  height  of  from  5  to  10  degrees,  is  quite  black,  as 
if  formed  by  dense  clouds.  Yet  this  dark  segment  is  not  a  cloud, 
for  the  stars  are  seen  through  it  as  through  a  dense  smoke,  m! 
Struve  says  '  the  stratus  that  rests  on  the  northern  horizon,  and 
appears  to  be  the  base  of  all  the  aiu-orse  boreales  that  I  have  seen 
for  a  long  time  at  Dorpat  (lat.  68°  21'  N.),  is  not  a  cloud,  but 
merely  the  sky  somewhat  darkened.  Very  frequently,  when  it  was 
quite  black,  and  very  high  above  the  horizon,  we  have  seen  the 
stars  vrithout  any  diminution  in  their  brilliancy.  Its  dark  ap- 
pearance is  the  effect  of  contrast  with  the  luminous  arc'  This 
appearance  seems  to  be  the  result  of  the  presence  in  the  air  of 
condensed  vapour  in  the  form  of  minute  spiculse  of  ice  or  flakes 
of  snow.  When  the  aurora  covers  the  whole  heavens,  the  entire 
atmosphere  is  filled  with  the  haze  caused  in  this  manner,  and  a 
dark  segment  may  be  observed  resting  on  the  southern  horizon. 
The  lower  edge  of  the  arch  is  evenly  defined ;  its  upper  margin, 
is  fringed  by  the  streamers  which  converge  by  the  effect  of 
perspective  to  the  magnetic  poles.  The  apparent  convergence  of 
the  arch  is  owing  to  the  same  cause. 

On  the  night  of  the  28th-29th  of  August,  1859,  the  most  bril- 
liant aurora  was  seen  all  over  Great  Britain,  at  Brussels,  Basel, 
Eome,  and  must  Lave  been  visible  in  Africa  and  part  of  Asia.  It 
Avas  seen  over  more  than  the  140°  of  longitude,  from  California  to 
Eastern  Europe,  and  from  Jamaica  to  an  imknown  distance  in 
British  America  in  the  N.  Intermitting  currents  of  electricity 
were  observed  in  all  the  telegiaphic  wires  at  Brussels,  and  the 
submarine  cable  from  Ostend  to  Dover  remained  charged  with 
electricity  all  the  morning  of  the  20lh. 

On  September  1  and  2  following  there  was  a  remarkable  coin- 
cidence of  a  simullaneous  display  of  N.  and  S.  auroras.  It  was 
seen  at  Santiago  in  Chile,  at  the  liavanna,  and  almost  all  over 
the  N.  hemisphere  :  and  magnetic  distm-bances  indicated  its  pre- 
sence throughout  all  Northern  Asia.  An  aurora  was  at  the  same 
time  seen  in  South  America  and  New  Holland.  On  September  2, 
at  seven  in  the  morning,  tlie  telegraphic  commimications  all  over 
France  were  greatly  affected,  and,  on  interrupting  the  circuit  of 
the  conducting  wire  at  Paris,  strong  sparks  were  given  out. 
Similar  disturbances  were  observed  in  the  telegraphic  communi- 
cations in  Switzerland ;  and  the  aurora  on  the  night  of  the  2nd 
was  so  bright,  and  its  effects  so  great,  in  the  United  States,  that 
the  operators  were  enabled  to  work  the  telegraph  between  Boston 
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and  Portland  for  two  hours  without  batteries.  These  remarkable 
disturbances  due  to  the  aui-ora  were  cm-rents  in  the  earth  from  N. 
to  S. ;  they.had  that  direction  at  Eome  and  Leghorn,  according  to 
the  observations  of  Padre  Secchi  and  Mr.  Maure,  as  well  as  in 
Paris.  All  showed  an  increase  in  the  intensity  of  the  vertical 
component  force  and  a  diminution  in  the  horizontal  one,  with  an 
augmentation  in  the  inclination  and  declination. 

The  terrestrial  currents,  that  only  appear  during  the  aurora  in 
a  decided  manner,  no  doubt  always  exist  permanently  and  imper- 
ceptibly, chiefly  in  the  northern  regions,  for  the  discharge  between 
the  positive  electricity  of  the  atmosphere  and  the  negative  elec- 
tricity of  the  earth  must  constantly  take  place  near  the  pole,  with 
an  intensity  varying  with  the  season  and  atmosphere. 

The  direction  of  the  terrestrial  currents  ought  by  theory  to  be 
that  of  the  terrestrial  meridian,  but  in  the  far  N.  the  influence  of 
the  terrestrial  magnetism  makes  a  deviation  in  the  currents  in  the 
atmosphere,  which,  being  perfectly  movable,  easily  obey  the  action 
of  a  foreign  force  ;  and  that  is  the  reason  why  the  centre  of  the 
aurora  is  in  the  magnetic  pole,  and  not  in  the  terrestrial.  '  Aiu'oras 
are  almost  unknown  within  the  tropics.  They  occm-  with  the 
greatest  freqiiency  in  a  zone  of  an  oval  form  which  sui'rounds  the 
N.  pole,  the  central  Une  of  which  crosses  the  meridian  of  Washing- 
ton in  latitude  56°,  and  the  meridian  of  St.  Petersburg  in  latitude 
71°.^  Accordingly  auroras  are  much  more  frequent  in  the  United 
States  than  they  are  in  the  same  latitudes  of  Europe.  The  form 
of  this  am-oral  zone  bears  considerable  resemblance  to  a  magnetic 
parallel,  or  line  everywhere  perpendicular  to  a  magnetic  meridian.' 
(Loomis's  '  Meteorology.') 

In  Greenland  the  auroral  arch  lies  to  the  N.  of  the  observer, 
and  Sir  Edward  Parry  saw  it  to  the  S.  in  Melville  Island ;  con- 
sequently it  appears  in  the  zenith  in  some  places.  From  a  multi- 
tude of  observations,  it  is  concluded  that  the  am-ora  seldom 
appears  at  a  less  elevation  than  about  45  m,  above  the  earth's 
surface,  and  that  it  frequently  extends  upwards  to  an  elevation  of 
500  m.  The  aurora  of  August  18,  1869,  pervaded  more  or  less 
the  entire  interval  between  the  elevations  of  46  and  500  m.  above 
the  earth's  surface.  Auroral  arcs  having  a  well  delined  border 
are  generally  less  than  100  m.  in  height. 

'  Sir  George  Nares,  who  passed  the  winter  of  1875-6  on  board  the 
'  Alert '  in  lat.  82°  24'  K  says  :  '  Light  flashes  of  aurora  were  occasionally 
seen  on  various  bearings  ;  but  most  commonly  passing  through  the  zenith. 
None  were  of  sufficient  brilliancy  to  call  for  notice.  The  phenomena  may 
be  said  to  have  been  insignificant  in  the  extreme,  and,  as  far  aa  we  could 
discover,  were  totally  unconnected  with  any  magnetic  or  electric  dis- 
turbance.' 
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Observations  have  proved  that  the  disturbances  of  the  ma{?netic 
needle  and  the  auroral  displays  were  simultaneous  at  Toronto,  in 
Canada,  on  13  days  out  of  24,  the  remaining  days  Ijaving  been 
clouded ;  and  contemporaneous  observations  show  that  on  these 
13  days  there  were  also  magnetic  distm-bances  at  Prague  and  at 
Tasmania,  so  that  the  '  occurrence  of  aurora  at  Toronto  on  these 
occasions  may  be  viewed  as  a  local  manifestation  connected  with 
magnetic  effects,  which  probably  prevailed  on  the  same  day  over 
the  whole  surface  of  the  globe.'  ^  At  Point  Barrow,  Captain 
Maguire,  E,.N.,  mentions  that  during  December,  January,  and 
Februarj^,  a  time  at  which  there  was  hardly  any  daylight,  the 
aurora  appeared  six  days  out  of  every  seven  for  two  years,  and 
that  it  was  seen  contemporaneously  1077  times  with  considerable 
magnetic  disturbances ;  but  similar  disturbances  often  occurred 
without  it.  It  has  been  observed  that  the  two  kinds  of  auroral- 
action  bear  a  strong  analogy  to  the  two  modes  of  magnetic  action 
discovered  by  Dr.  Faraday,  the  ordinary  auroral  beams  or  streamers 
being  parallel  to  the  magnetic  meridian,  and  the  auroral  arch  at 
right  angles  to  it.  Padre  Secchi  has  shown  that  the  aurora  is 
decidedly  an  electrical  phenomenon,  that  its  line  comcides  very 
nearly  with  the  isothermal  line  of  zero,  and  that  it  must  always 
appear  when  the  atmosphere  is  full  of  small  needles  of  ice — con- 
ditions which  explain  the  singular  action  upon  the  magnetic  needle 
of  certain  cirrus  clouds  formed  of  minute  icicles.  The  auroras  of 
1859  produced  exactly  the  same  effects  as  cm-rents  of  electricity. 
The  am'oral  light  is  electric  light,  and  its  colours  are  the  same 
as  those  of  ordinary  electricity  passing  through  rarefied  air.  The 
auroral  beams  are  illumined  spaces  caused  by  the  flow  of  electricity 
through  the  upper  regions  of  the  atmosphere,  and  are  probably 
the  result  of  currents  of  electricity  travelling  in  the  direction  of  the 
axis  of  the  beams.  The  flashes  of  light  are  due  .to  inequalities  in 
the  motion  of  the  electric  cm-rents  through  the  imperfectly  con- 
ducting medium,  the  air. 

Auroras,  like  the  solar  spots,  and  the  mean  daily  range  of  the 
magnetic  needle,  exhibit  two  distinct  periods  of  greatest  frequency ; 
one  a  period  of  from  10  to  12  years,  the  other  a  period  of  from  58 
to  60  years. 

There  appears  to  be  an  increased  quantity  of  ozone  in  the  atmo- 
sphere during  the  auroral  apparitions;  it  was  observed  to  be 
particularly  great  on  August  29  and  September  2,  1859,  at  Paris. 


1  General  Sabine's  Notes  to  the  English  translation  of  Humboldt's 
*  Cosmos,'  vol.  ii. 
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YEGETATION. 

§  1.  Rangre  of  Veeetafcion  on  the  Eai-tli's  Surface. — In  the 

present  state  of  the  globe  a  third  part  only  of  its  surface  ia 
occupied  by  land,  and  probably  not  more  than  a  fourth  part  of 
that  is  inhabited  by  man ;  but  animals  and  vegetables  have  a  wider 
range.  The  greater  part  of  the  land  is  clothed  with  vegetation  and 
inhabited  by  quadrupeds ;  the  air  is  peopled  with  birds  and  insects : 
and  the  sea  teems  with  Hving  creatures  and  plants.  These  organised 
beings  are  not  scattered  promiscuously,  but  all  classes  of  them 
occupy  localities  suited  to  their  respective  wants.  Many  animals  and 
plants  are  indigenous  only  in  determinate  spots,  while  a  thousand 
others  might  have  supported  them  as  well,  as  is  proved  by  many 
of  them  thriving  in  such  places  when  transported  thither  by  man. 

Plants  extract  from  the  groimd  inorganic  substances  which  are 
indispensable  to  bring  them  to  maturity,  but  the  atmosphere  sup- 
plies the  vegetable  creation  with  the  principal  part  of  its  nourish- 
ment. 

The  black  or  brown  mould  which  is  so  abimdant  is  the  produce 
of  decayed  vegetables.  When  the  autumnal  leaves,  the  spoil  of 
the  summer,  fall  to  the  ground,  and  their  vitality  is  gone,  they 
slowly  decompose  and,  combining  with  the  oxygen  of  the  atmo- 
■  sphere,  an  equal  volume  of  carbonic  acid  is  evolved,  which  is 
absorbed  by  the  water  that  exists  abundantly  in  every  good  soil, 
and  is  the  most  important  element  in  the  nourishment  of  vege- 
tables. 

In  loosening  and  refining  the  soil,  as  well  as  in  facilitating  the 
biuial  of  dead  leaves,  and  mixing  these  with  the  soil,  the  common 
earth  worm  is  the  fellow  labourer  with  man ;  it  eats  earth,  and, 
after  extracting  the  vegetable  matter,  ejects  the  refuse,  which  is 
the  finest  soil  and  may  be  seen  lying  in  heaps  at  the  mouth  of  its 
bun-ow.  So  instrumental  is  this  creature  in  preparing  the  ground, 
that  it  is  said  there  is  not  a  particle  of  the  finer  vegetable  mould 
that  has  not  passed  through  the  intestines  of  a  Avorm  :  thus  the 
most  feeble  of  living  things  is  employed  by  Providence  to  assist  man. 

The  food  of  the  vegetable  creation  consists  of  carbon,  oxygen, 
hydrogen,  and  nitrogen;  plants  obtain  the  two  former  entirely 
from  the  atmosphere,  the  two  latter  chiefly  from  the  earth,  in  the 
form  of  water  and  ammonia.  After  having  imbibed  and  decom- 
posed these  substances,  they  give  back  the  oxygen  to  the  air,  and 
consolidate  the  carbon,  water,  and  nitrogen  into  wood,  leaves, 
flowers,  and  fruit. 
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The  vitality  of  plants  is  a  chemical  process  entirely  dependent 
on  the  sun's  light ;  it  is  most  active  in  clear  sunshine,  feeble  in  the 
shade,  and  nearly  suspended  during  the  night,  when  plants,  like 
animals,  have  their  rest. 

The  atmosphere  contains  about  one  three  thousandth  part  of 
carbonic  acid  gas ;  yet  that  small  quantity  yields  enough  of  carbon 
to  form  the  solid  mass  of  all  the  magnificent  forests  and  plants  that 
clothe  the  face  of  the  earth,  and  the  supply  of  that  neces!?ary 
ingredient  in  the  composition  of  the  atmosphere  is  maintained  by 
the  breathing  of  animals,  by  fermentation,  by  volcanoes,  by  decom- 
position of  animal  and  vegetable  matter,  and  by  combustion.  The 
green  parts  of  plants  constantly  imbibe  carbonic  acid  in  the  day : 
they  decompose  it,  assimilate  the  carbon,  aud  return  the  oxygen 
pure  to  the  atmosphere. 

Since  the  vivifying  action  of  the  sun  brings  about  all  these 
changes,  a  superabundance  of  oxygen  is  exhaled  by  the  tropical 
vegetation  under  a  clear  unclouded  sky,  where  the  sun's  rays  are 
most  energetic,  and  atmospheric  moistui-e  most  abundant.  In  the 
middle  and  higher  latitudes,  on  the  contrary,  the  supply  of  oxygen 
is  greatly  less.  But  an  equilibrium  is  established  by  means  of  the 
winds  ;  the  tropical  currents  carrying  the  excess  of  oxygen  to  higher 
latitudes,  to  give  breath  and  heat  to  men  and  animals.  Harmony 
exists  between  the  animal  and  vegetable  creations ;  auimnls  con- 
sume the  oxygen  of  the  atmosphere,  which  is  restored  by  the 
exhalation  of  plants,  while  plants  consume  the  carbonic  acid 
exhaled  by  men  and  animals  ;  the  existence  of  each  is  thus  due  to 
their  reciprocal  dependence. 

When  a  seed  is  thrown  into  the  ground,  the  vital  principle  of 
the  contained  embryo  is  stimulated  by  heat  aud  moisture:  its 
radicle,  a  definite  point  of  the  embryo  destined  for  the  purpose, 
elongates  and  gives  oS  roots,  while  the  plumule  ascends  aud  forms 
the  stem  and  rudimentary  leaves.  The  roots  suck  up  water  mixed 
with  carbonic  acid  from  the  soil,  to  be  decomposed  by  the  plant 
which  consolidates  the  carbon.  In  this  stage  of  their  growth, 
plants  derive  their  whole  sustenance  from  the  ground.  As  soon, 
however,  as  the  perfect  leaves  are  formed,  they  absorb  aud  decom- 
pose the  carbonic  acid  of  the  atmosphere,  retain  the  carbon  for 
their  food,  and  give  out  the  oxygen  in  the  day.  It  appears  won- 
derful that  so  small  a  quantity  of  carbonic  acid  as  exists  m  tbe 
air  should  suffice  to  supply  the  whole  vegetation  of  the  world, 
until  we  reflect  that  the  total  amount  in  the  air  is  infinitely 
greater  than  all  that  which  is  fixed  in  our  forests  and  coal-fields ; 
and  that  a  process  of  decomposition  replaces  the  waste. 

The  fluid  matter  in  the  soil,  containing  different  substances  m 
solution,  is  absorbed  by  the  extremities  of  the  roots  (in  the  case  of 
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exofferiom  plants),  ascends  to  the  stem,  passes  throngli  the  woody 
tissue,  forms  vessels  and  cells,  dissolving  and  appropriating  various 
new  substances.  Proceeding  upwards  and  outwards,  this  sap 
reaches  the  baric  fi.ud  the  leaves,  where  it  is  exposed  to  the  air  and. 
is  elaborated  by  the  function  of  respiration.  It  then  returns,  or 
descends  chiefly  through  the  bark,  either  directly  or  in  a  circuitous 
manner,  commimicatiug  with  the  central  parts  by  the  medullary 
rays,  depositing  various  secretions,  more  especially  in  the  bark, 
and  giving  origin  to  substances  which  are  destined  to  nourish  and 
form  new  tissues.^  The  course  of  the  fluids  in  endogens  and 
acrocjens  is  not  so  well  determined.  Wood,  sugar,  starch,  gum, 
oils,  resins,  and  acids  are  formed  through  the  chemical  combination 
of  the  constituents  of  the  liquid  food  of  plants  with  the  carbon 
derived  from  the  carbonic  acid  of  the  air.  It  must  be  observed, 
however,  that  these  diiferent  substances  are  produced  at  different 
stao-es  in  the  growth  of  the  plant  ;  for  example,  starch  is  formed 
in  the  roots,  stalk,  and  seed,  but  it  is  converted  into  sugar  as  the 
fruit  ripens,  and  the  more  starch  the  sweeter  the  fruit  becomes. 
Most  of  these  new  compounds  are  formed  between  the  flowering 
of  the  plant  and  the  ripening  of  the  fruit,  and  indeed  they  furnish 
the  materials  for  the  flowers,  fruit,  and  seed. 

Ammonia,  the  third  constituent  of  plants,  a  product  of  the 
decay  and  putrefaction  of  animal  matter,  also  enters  them  by 
their  roots  with  rain  water,  and  is  resolved  within  them  into  its 
constituent  elements,  hydrogen  and  nitrogen.  The  hydrogen  aids 
in  forming  the  wood,  acids,  and  other  substances  before  mentioned  ; 
while  the  nitrogen  enters  into  every  part  of  the  plant  and  forms 
new  compounds ;  it  exists  in  the  blossom,  in  the  fruit  before  it  is 
ripe,  and  in  the  wood,  as  albumen  ;  it  also  exists  in  gluten,  which 
is  the  albuminoid  part  of  wheat,  barley,  oats,  and  all  other  cerealia, 
as  well  as  of  esculent  roots  and  tubers,  &c.  Nitrogen  exists 
abundantly  in  peas,  beans,  and  pulse  of  every  kind,  and  it  enters 
into  the  composition  of  most  alimentary  vegetable  substances ;  the 
use  of  animal  manure  is  to  supply  plants  with  this  essential  article 
of  their  food. 

The  difference  of  a  clear  or  cloudy  sky  has  an  immense  effect 
on  vegetation  ;  the  ripening  of  fruit  depends  upon  the  serenity  of 
the  slvy  more  than  on  simamer  temperature  alone.  The  chemical 
rays  of  the  solar  spectrum  have  most  effect  not  only  on  the 
germination  of  seed,  but  also  on  the  growing  plant.  They  penetrate 
the  ground,  and  have  a  much  greater  influence  on  the  germination 
of  seeds  than  ordinaiy  light  or  darkness.  These  rays,  together 
with  light,  are  essential  to  the  fonnation  of  the  colouring  matter 


1  Balfour's  '  Manual  of  Botany,' 
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of  leaves  :  they  are  most  active  in  spring,  when  they  are  in  very 
considerahle  excess  as  compared  with  the  quantity  of  light  and 
heat :  but  as  summer  advances  tlie  reverse  takes  place ;  those  hot 
rays,  corresponding  to  the  extreme  red  of  the  spectrum,  which 
facilitate  the  flowering  and  forming  of  the  fruit,  become  by  far  the 
most  abimdpt ;  and  a  set  of  invisible  rays,  which  exist  near  the 
point  of  maximum  heat  in  the  solar  spectrum,  are  also  most  abun- 
dant in  summer.  Mr.  Hunt  found  that  the  hot  rays  immediately 
beyond  the  visible  red  destroy  the  colour  of  certain  leaves ;  and 
for  that  reason  the  glass  of  the  great  palm  house  at  Kew  Gardens 
is  tinged  pale  yellow  green,  to  exclude  the  scorching  rays  in 
question,  though  it  is  permeable  by  the  other  rays  of  heat,  those  of 
light  and  the  chemical  rays.^ 

In  spring  and  summer  the  oxygen  taken  in  by  the  plants  aids 
in  the  formation  of  oils,  acids,  and  the  other  parts  that  contain  it ; 
but  as  soon  as  autumn  comes,  the  vitality  or  chemical  action  of 
vegetables  is  weakened,  and  the  oxygen  becomes  a  minister  of 
destruction ;  it  changes  the  coloiu-  of  the  leaves,  and  consumes 
them  when  they  fall. 

Although  the  food  which  constitutes  the  mass  of  plants  is 
derived  principally  from  water  and  the  gases  of  the  atmosphere, 
solid  substances  are  also  requisite  for  their  growth  and  pei'fection, 
and  these  they  obtain  fi-om  the  earth  by  their  roots.  The  inorganic 
matters  are  the  alkalis,  phosphates,  silicates,  sulphates,  and  others. 

It  has  already  been  mentioned  that  vegetable  acids  are  found  in 
the  juices  of  all  the  families  of  plants.  They  are  generally  in 
combination  with  one  or  other  of  the  alkaline  substances,  as  potash, 
soda,  lime,  and  magnesia,  which  are  as  essential  to  the  existence  of 
plants  as  the  carbonic  acid  by  which  the  vegetable  acids  are  formed. 
None  of  the  corn  tribe  can  produce  perfect  seeds  unless  they  have 
both  potash  and  phosphate  of  magnesia  ;  nor  can  they  or  any  of 
the  grasses  thrive  without  silica,  which  gives  the  stiffness  to  straw, 

1  The  Solar  Spectrum,  or  coloured  imafje  of  the  sun,  formed  by  passing  a 
sunbeam  through  a  prism,  is  composed  of  a  variety  of  invisible  as  >vell  as 
visible  ravs.  The  chemical  rays  are  most  abundant  beyond  the  violet  end 
of  the  spectrum,  and  decrease  through  the  violet,  blue,  and  green,  to  the 
yellow,  Avhere  they  cease.  The  rays  of  heat  are  in  excess  a  little  beyond 
the  red  end,  and  gradually  decrease  towards  the  violet  end.  Beside  these 
there  are  two  insulate'd  spots  at  a  considerable  distance  from  the  red,  Avhere 
the  heat  is  a  maximum.  Were  the  rays  of  heat  visible,  they  would  exhibit 
differences  as  distinct  as  the  coloured  rHys,  so  varied  are  their  properties 
according  to  their  position  in  the  spectrum.  There  are  also  peculiar  rays 
which  produce  phosphorescence,  others  whose  properties  are  not  qidte  made 
out  and  probably  many  undiscovered  influences  ;  for  time  has  not  ^  et  fully 
revealed  the  sublimity  of  that  creation,  when  God  said,  '  Let  there  be  light 
—and  there  was  light.' 
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to  the  beard  of  wlieat  and  barley,  to  canes,  and  bamlDoos  ;  it  is  even 
found  in  solid  Inmps  in  tlie  joints  of  bamboo,  and  is  known  in 
India  by  the  name  of  tabashir.  To  bring-  the  cerealia  to  perfection, 
it  is  indispensable  that  in  their  growth  they  should  be  supplied 
with  carbonic  acid  for  the  plant,  silica  to  give  it  strength  and 
tirmness,  and  nitrogen  for  the  grain. 

Phosphoric  acid,  combined  with  an  earth  or  allvali,  is  found  in 
the  ashes  of  many  vegetables,  and  is  essential  to  them.  Pulses 
contaiu  but  little  of  it,  and  on  that  account  are  less  nutritious  than 
the  cerealia.  The  family  of  the  Cruciferae,  as  cabbages,  tiu-nips, 
mustard,  &c.,  contain  sulphur  in  addition  to  the  substances  common 
to  the  growth  of  all  plants ;  each  particidar  tribe  has  its  own 
peculiarities,  and  requires  a  combination  suited  to  it. 

The  perfume  of  flowers  and  leaves  is  owing  to  a  substance  of 
the  nature  either  of  volatile  oil  or  wax,  and  is  often  carried  by  the 
air  to  a  great  distance ;  in  hot  climates  it  is  most  powerful  in  the 
morning  and  evening.  The  odour  of  plants  has  been  perceived 
many  miles  from  the  coasts  of  various  hot  and  especially  dry 
countries.  The  variety  of  perfumes  is  infinite,  and  shows  the 
innimierable  combinations  of  which  a  few  simple  substances  are 
capable,  and  the  extreme  minuteness  of  the  particles  of  matter. 

§  2.  Sleep  of  Plants  In  northern  and  mean  latitudes  win- 
ter is  a  time  of  rest  to  the  greater  part  of  the  vegetable  world,  and 
in  certain  tropical  climates  the  vigom'  of  vegetation  is  suspended 
during-  the  dry,  hot  season,  to  be  resumed  at  the  return  of  the 
periodical  raius.  The  periodical  phenomena  of  the  appearance  of 
the  first  leaves,  the  flowering,  the  ripening-  of  the  fi-uit,  and  the 
fall  of  the  leaf,  depend  upon  the  annual  and  diurnal  changes  of 
temperature  and  moisture,  and  succeed  each  other  witl>  so  much 
iiarmony  and  regularity,  that  were  there  a  sufficient  number  of 
observations,  lines  might  be  drawn  on  a  globe  approximately 
indicating  places  where  the  leaves  of  certain  plants  appear  simulta- 
neously, and  illustrating  the  other  principal  phases  of  vegetation. 
In  places  where  the  same  plants  flower  on  the  same  day,  the  fi-iiit 
may  ripen  at  the  same  period ;  it  would  therefore  be  iuterestiug-  to 
Imow  what  relation  lines  passing  through  those  places  would  have 
to  one  another  and  to  the  isothermal  lines  ;  more  especially  with 
regard  to  the  plants  indispensable  to  man,  since  the  periodicity  of 
vegetation  affects  his  whole  social  condition. 

Certain  plants  sleep  during  the  night ;  some  show  it  in  their 
leaves,  others  in  their  blossom.  Some  mimosas  not  only  close  their 
leaves  at  night,  but  their  leaf-stalks  droop  ;  in  a  clover  field  not  a 
leaf  opens  until  after  sunrise.  The  common  daisy  is  a  familiar 
instance  of  a  sleeping  inflorescence ;  it  shuts  up  its  ray-flowers  in 
the  evening,  and  opens  its  white  and  crimson  tipped  star,  the 
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*  day's  eye,'  to  meet  tlie  early  "beams  of  the  morning  sun ;  when 
also  '  winldug  mary-huds  hegin  to  ope  their  golden  eyes.' 

The  crocus,  tulip,  convolvulus,  and  many  others,  close  their 
hlossoms  at  different  hours  towards  evening,  some  to  open  them 
again,  others  never.  The  ivy-leaved  lettuce  opens  at  eight  in  the 
morning,  and  closes  for  ever  at  four  in  the  afternoon.  Some  plants 
seem  to  be  wide  awake  all  night,  and  to  give  out  their  perfume 
then  only,  or  at  nightfall.  Many  of  the  jessamines  are  most 
fragrant  during  the  twilight ;  the  Olea  fragrans,  the  Daphne  odora, 
and  the  night-stock  reserve  their  sweetness  for  the  midnight  hour, 
and  the  night-flowering  Oereus  tm-ns  night  into  day.  It  Ijegins  to 
expand  its  magnificent  sweet  scented  blossom  in  the  twilight,  it  is 
full  blown  at  midnight,  and  closes,  never  to  open  again,  with  the 
dawn  of  day ; — these  are  '  the  bats  and  owls  of  the  vegetable 
Irino-dom.'' 

Many  plants  brought  from  warm  to  temperate  climates  have 
become  habituated  to  their  new  situation,  and  flourish  as  if  they 
were  natives  of  the  soil ;  such  as  have  been  accustomed  to  flower 
and  rest  at  particular  seasons  change  their  habits,  and  adapt  them- 
selves to  the  seasons  of  the  country  that  has  adopted  them. 

§  3.  Fropag-ation  of  Plants,  &c. — Plants  are  propagated  by 
seeds,  offsets,  cuttings,  and  buds ;  hence  they,  but  more  especially 
trees,  have  myriads  of  seats  of  life,  a  congeries  of  vital  systems 
acting  in  concert,  but  independently  of  each  other,  every  one  of 
which  might  become  a  new  plant. 

All  the  floral  organs  of  plants  are  composed  of  modified  or 
transformed  "leaves  ;  a  law  developed  and  established  by  Linnaeus, 
and  which  has  been  since  popularised  by  the  illustrious  poet  Gothe. 
According  to  this  law,  embryo  leaves  have  been  foimd  passing  into 
common  leaves,  these  into  bracts,  bracts  into  sepals,  sepals  into 
petals,  these  into  stamens,  and  lastly  stamens  into  pistils,  which 
contain  the  ovules.  These  changes  are  not  indeed  all  traceable  on 
any  one  plant,  though  several  of  the  series  may  be  (as  from  sepals 
to  petals  and  stamens  in  the  white  water-lily)  ;  but  all  double 
flowers,  and  other  so  called  monsters,  afford  examples  of  it ;  in 
many  of  which  a  sudden  change  of  one  of  the  series  into  ordinary 
leaves  is  common.    The  double  rose  is  easily  seen  to  be  a  single 


1  Dandelion  opens  at  five  or  six  in  the  morning,  and  shuts  at  nine  in  the 
evening ;  the  goat's  beard  wakes  at  three  in  the  morning,  and  shuts  at  five 
or  six  in  the  afternoon.  The  orange  coloured  Eschscholtzia  is  so  sensitive 
that  it  closes  during  the  passage  of  a  cloud.  '  The  marigold  that  goes  to 
bed  wi'  the  sun,  and  with  him  rises  weeping,'  with  many  more,  are  m- 
8tancesofthe  sleep  of  plants:  the  gentianella,  veronica,  and  other  plants 
close  their  blossoms  on  the  approach  of  rain. 
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rose  with  the  stamens  turned  into  petals;  and  the  sepals  to  be 
modified  stem-leaves. 

§  4.  Classification  of  Plants,  &,e.— Plants  are  naturally  dis- 
tributed in  two  great  sub-kingdoms— the  Jloioering  plants,  the 
flowers  of  which,  containing  stamens  and  pistils,  are"  all  formed  of 
whorls  of  modified  leaves,  and  whose  young  seeds,  called  ovules, 
are  fertilised  by  the  pollen  of  the  stamens  ;  and  Jloiuerless  plants, 
as  ferns,  moss-^s,  lichens,  seaweeds,  and  fimgi,  the  extremely  minute 
seeds  of  which  are  of  a  very  different  nature,  and  which  have 
no  flowers  properly  so  caUed.  The  flowering  plants  are  divided 
into  two  principal  classes,  caUed  monocotyledons  and  dicotyledons ; 
of  these  the  monocotyledons  grow  from  within,  the  foot  stalks  of 
the  old  leaves  always  forming  the  outside  of  the  stem  •  their 
leaves  have  paraUel  veins ;  the  parts  of  their  floral  whorls  are 
usuaUy  m  threes  or  sixes,  and  their  embryo  has  but  one  seed  lobe 
or  cotyledon  :  to  this  class  palms,  grasses,  lilies,  &c.,  belong.  The 
dicotyledons  have  leaves  with  netted  veins ;  stems  with  distinct 
bark  ;  layers  of  wood  and  pith  ;  the  parts  of  their  floral  whorls 
are  m  fom^s  or  fives,  and  the  embryo  has  two  seed  lobes.  All 
i^ritish  ti-ees  and  woody  plants  belong  to  this  class,  which  is  by  far 
the  larger  of  the  two.  ^ 

These  classes  are  distributed  in  very  difl^erent  proportions  in 
d,ifferent  zones.  Between  the  tropics  there  are  four  dicotyledons 
to  one  monocotyledon,  in  the  temperate  zone  six  to  one,  and  in 
the  polar  regions  only  two  to  one.  In  the  temperate  zones  one 
sixth  of  the  flowering  plants  are  annuals,  in  the  torrid  zone  scarcely 
one  plant  m  twenty  IS  amiual,  and  in  the  polar  regions  only  one 
n  thirty  The  number  o  woody  plants  increases  on  approachin' 
the  equator.    In  North  America  there  are  120  different  species 

oLy  34         '  ^  '"'^'"^^^  are 

othe^irt"oftb^"'t/  -"'^''^'^^^  '^^^ 

othei  pait  of  the  world  of  equal  area;  Em-ope  has  not  above  half 

ha^  rm^e  tha?r"^  '^"T  °'  ^^^^^^  '  -'-^I 
^as  tar  more  than  Europe.     In  a  memoir  on  the  geoffranhica 
distribution  of  plants  in  Amenia  and  Asia  Minor,  M.  P  erre  de 
Tchihatchef  mentions  that  no  countrv  nf        o-     i  . 
abundant  and  varied  flora  as  thtt^^er  t  rpl  n^V^f  fi^^ 

momitains  only  amount  to  double  the  entire  number  of  Brifilh 
species  Australia,  with  its  islands,  is  estimated  to  possess  as  manv 
vegetable  species  as  Europe ;  but  new  fertile  regionsCconwJv 
being  discovered,  and  the  enormous  extent  of  unkrwTcoul  v 
teeming  with  vegetation,  traversed  by  Dr.  Livino-stoTpw  ^ 
Burton  and  Speke,  M.  du  Chaillu,  LiJut.  ol^Z^Z^^Z^Z 
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tropical  Africa,  renders  any  estimation  of  the  botanical  riches  of 
that  continent  impossible  at  present. 

Since  the  constitution  of  the  atmosphere  is  very  mucli  tlie 
same  everywhere,  vegetation  depends  principally  on  the  sun's  light, 
moisture,  and  the  mean  annual  temperature,  and  it  is  also  in  some 
degree  regulated  by  the  heat  of  summer  in  the  temperate  zones, 
and  also  by  exposure,  for  such  plants  as  require  warmth  are  found 
at  a  higher  level  on  the  S.  than  on  the  N.  side  of  a  mountain,  in 
tbe  N.  hemisphere.  Between  the  tropics,  wherever  rain  does 
not  fall,  the  soil  is  burnt  up,  and  is  as  unfruitful  as  that  exposed  to 
the  utmost  rigour  of  frost ;  but  where  moisture  is  combined  with 
heat  and  light  the  luxuriance  of  the  vegetation  is  beyond  descrip- 
tion. The  abundance  and  violence  of  the  periodical  rains  combine 
with  the  intense  light  and  heat  to  render  the  tropical  forests  and 
iungles  almost  impervious  fi'om  the  rankness  of  the  vegetation. 
This  exuberance  gradually  decreases  with  the  distance  from  the 
tropics ;  it  also  diminishes  progressively  as  the  height  above  the 
level  of  the  sea  increases,  so  that  each  height  has  a  corresponding 
parallel  of  latitude  where  the  climates  and  floras  are  analogous ; 
and  at  the  regions  near  the  line  of  perpetual  snow  the  vegetation 
scarcely  rises  above  the  surface  of  the  ground,  and  presents  a 
counterpart  to  that  of  the  polar  regions.  Hence,  in  ascending  the 
Himalayas  or  Andes  from  tlie  luxuriant  bases  of  those  mountains, 
changes  take  place  in  the  vegetation  analogous  to  what  a  traveller 
would  meet  with  in  a  journey  from  the  equator  to  the  poles.  This 
law  of  decrease,  though  perfectly  regular  over  a  wide  extent,  is 
perpetually  interfered  with  by  local  circumstances.  From  various 
causes,  as  the  distribution  of  land  and  water,  their  ditFerent  powers 
of  absorption  and  radiation,  together  with  the  form,  composition, 
and  clothing  of  the  land,  and  the  prevailing  winds,  it  is  foimd  that 
the  isothermnl  lines  do  not  correspond  with  the  parallels  of 
latitude.  Thus,  in  North  America  the  climate  is  much  colder 
than  in  the  corresponding  European  latitudes.  Quebec  is  in  the 
latitude  of  Paris,  and  the  country  is  covered  with  deep  snow  four 
or  five  months  in  the  year,  and  a  summer  has  been  experienced 
there  in  which  not  more  than  60  days  had  been  free  from  frost. 
In  the  S.  hemisphere,  beyond  the  34'th  parallel,  the  summers  are 
colder  and  the  winters  milder  than  in  corresponding  latitudes  of 

the  N.  hemisphere. 

Neither  does  the  temperature  of  mountains  always  vary  exactly 
with  their  height  above  the  sea;  other  causes,  as  prevailing  winds, 
diflFerence  of  radiation,  and  geological  structure,  concur  in  producmg 
irregularities,  which  have  a  powerful  efi"ect  on  the  vegetable  world. 

However,  no  similarity  of  existing  circumstances  can  account 
for  whole  families  of  plants  being  confined  to  one  particular  country, 
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or  even  to  a  very  limited  district,  whicli,  as  far  as  we  can  judge, 
might  have  grown  equally  well  on  many  others.  Latitude,  eleva- 
tion, soil,  and  climate,  are  but  secondary  causes  in  the  distribution 
of  the  vegetable  kingdom,  and  are  totally  inadequate  to  explain 
why  there  are  numerous  distinct  botanical  districts,  each  of  which 
has  its  own  vegetation,  the  limits  of  which  are  most  decided  when 
they  are  separated  by  the  ocean,  moimtaiu  chains,  sandy  deserts, 
salt  plains,  or  inland  seas.  Each  of  these  districts  is  the  focus 
of  families  and  genera,  some  of  which  are  found  nowhere  else 
and  some  of  which  are  common  to  others,  i  ' 

As  the  land  rose  at  diflerent  periods  above  the  ocean,  each  part 
as  It  emerged  fi-om  the  waves  was  probably  clothed  with  vegetation, 
and  peopled  with  animals,  suited  to  its  position  and  climate.  And 
as  the  conditions  and  cUmate  were  diflerent  at  each  succeeding 
geological  epoch,  so  each  portion  of  the  land,  as  it  emerged  from  the 
ocean  would  be  characterised  by  its  own  vegetation  and  animals  • 
and  thus  many  centres  of  creation  would  result,  all  diflerino-  more 
or  less  from  one  another,  and  hence  alpine  floras  must  be  of  older 
date  than  those  in  the  plains.  The  vegetation  and  faunas  of  those 
lands  that  difi-ered  most  in  age  and  place  would  be  most  diesimilar 
while  the  plants  and  animals  of  such  as  were  not  far  removed  from' 
one  another  in  time  and  place  would  have  correlative  forms  or 
femily  likenesses;  yet  each  region  would  form  a  distinct  province 
During  these  changes  the  older  forms  may  have  been  modified  to-a 
certain  extent  by  the  succeeding  conditions  of  the  globe 

The  flora  of  the  higher  parts  of  the  Himalayas  is  to  some 
extent  similar  to  that  of  Europe,  many  species  being  identi<ral 
In  the  mountains  and  valleys  of  Tibet,  where  the  cold  is  not  less 
than  in  the  wastes  of  Siberia,  the  vegetation  of  one  might  ^ 

1  Professor  Schouw  divided  the  earth's  surface  in^o  25  hr^^.r.-  t 
regions;  and  Professor  Martins,  of  Munich  into  51  ,  rntn  ^''^^^'^^ 
5  in  Europe,  11  in  Africa,  13  i^  Asi.,  B  t^ZJ^fTZ^^^ 

plant:  tori'S^r"       '^""^^-^^  '^^''^^         °f  the  distribution  of 

tS^^  =^oneis  the  region  of  palms  and  bananas. 
The  tiopical  zone  is  the  region  of  tree-ferns  and  fi.rs 
l  ie  subtropical  zone,  that  of  myrtles  and  laurels  " 
ril  Tnl  ^^"'^'''^'■^         that  of  evergreen  trees. 
I  he  CO  d  temperate  zone,  that  of  European  or  deciduous  trees 
i  be  .subarctic  zone,  tliat  of  conifers.  ^^^'^^ous  tiees. 

The  arctic  zone  that  of  rlrododendrons 
Ihe  polar  zone,  that  of  alpine  herbs. 
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mistaken  for  that  of  the  other ;  the  gooseberry,  cuwant,  rhubarb, 
tamarisk,  willow,  and  poplar,  growing  in  both.  The  flora  near  the 
snow  line  on  the  lofty  mountains  of  Europe  has  also  a  perfect 
family  likeness  to  that  of  high  northern  latitudes.  In  like  manner 
many  plants  on  the  higher  parts  of  the  Chilian  Andes  are  similar 
to  those  in  Tierra  del  Fuego,  and  even  identical  with  them  ;  nay, 
the  Arctic  flora  has  a  certain  resemblance  to  the  Antarctic,  and 
presents  even  identical  species. 

In  the  many  vicissitudes  the  surface  of  the  globe  has  imdergone, 
continents  formed  at  one  period  were  at  another  broken  up  into 
islands  and  detached  masses  by  inroads  of  the  sea,  and  other  causes. 
Professor  E.  Forbes  has  shown  that  some  of  the  primary  floras  and 
faunas  have  spread  widely  from  their  original  centres  over  large 
portions  of  those  continents  before  the  laud  was  broken  up  into 
the  form  it  now  has,  and  he  thus  accounts  for  the  similarity  and 
sometimes  identity  of  the  plants  and  animals  of  regions  now 
separated  by  seas— as,  for  example,  islands,  which  generally  par- 
take of  the  vegetation  and  fauna  of  the  continents  adjacent  to 
them.    Taking  for  granted  the  original  creation  of  specific  centres 
of  plants  and  animals,  Professor  E.  Forbes  has  clearly  proved  that 
'  the  specific  identity,  to  any  extent,  of  the  flora  and  fauna  of  one 
area,  with  those  of  another,  depends  on  both  areas  forming,^  or 
having  formed,  part  of  the  same  specific  centre,  or  on  theii-  having 
derived  their  animal  and  vegetable  population  by  transmission, 
through  migration,  over  continuous  or  closely  contiguous  land, 
aided"  in  the  case  of  alpine  floras,  by  transportation  on  floating 

masses  of  ice.'  .  i  j 

Comparatively  very  few  of  the  exogenous  or  dicotyledonous 
plants  are  common  to  two  or  more  countries  far  apart.  There  are 
many  more  instances  of  wide  difiusion  among  the  monocotyledonous 
plants,  especially  grasses.  The  aquatic  monocotyledonous  plants 
ofler  perhaps  more  striking  examples  of  wide  diftusion  over  the 
sm-face  of  the  globe  than  any  other,  whilst  the  ceUular  or  crypto- 
gamous  class  is  the  most  widely  difi"used  of  all.  . 

In  islands  far  from  continents  the  number  of  plants  is  smaU, 
but  of  these  a  large  proportion  occur  nowhere  else.  In  St.  Helena, 
of  30  flower  bearing  plants,  one  or  two  only  are  native  elsewhei^, 
but  of  60  species  of  cryptogamous  plants  Dr.  Hooker  found  only 
1 2  neculiar  to  the  island.  ... 

Plants  are  dispersed  by  currents :  of  600  plants  from  the  vicmity 
of  the  Eiver  Congo  on  the  coast  of  Africa,  13  are  also  found  on  the 
shores  of  Guiana  and  Brazil,  evidently  carried  by  the  great  equa- 
torial current  to  countries  congenial  m  soil  and  climate.   The  seeds 

of  the  Entada  scandens,  the  %-^-^^-,^TT\TV\^  Z^Z 
nut,  are  wafted  from  the  West  Indian  Islands,  by  the  Gulf  Stieam, 
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to  the  coasts  of  Scotland  and  Ireland,  where  the  climate  and  soil 
do  not  suit  them,  and  where  therefore  they  do  not  become  natural- 
ised, though  some  are  stated  to  have  vegetated.  Winds  also  waft 
seeds  to  gi-eat  distances ;  birds  and  quadrujjeds,  and  above  all  man, 
are  active  agents  in  dispersing  plants.  Plants  introduced  by  man 
into  other  than  their  native  countries  frequently  become  quasi- 
indigenous  ;  for  example,  the  Argemone  Mexicana,  stated  to  have 
been  introduced  into  India  from  Mexico  about  three  centuries  ago, 
is  now  abundant  in  a  wild  state  in  many  parts  of  India. 


CHAPTER  XXVI. 
VEGETATION — Continued. 

§  1.  Vegetation  of  the  Great  Continents. — The  southern 
limit  of  the  polar  flora,  on  the  old  continent,  lies  mostly  within  the 
Arctic  Circle,  but  stretches  along  the  tops  of  the  Scandinavian 
mountains,  and  reappears  in  the  high  lands  of  Scotland,  Cumber- 
land, and  L'eland,  on  the  summits  of  the  Pyrenees,  Alps,  and 
other  mountains  in  southern  Europe,  as  well  as  on  the  mountains 
of  central  Asia,  and  on  the  high  ridges  of  the  Himalayas. 

The  great  Em'opean  plain  extending  to  the  Ural  Mountains, 
as  well  as  the  low  lands  of  England  and  L'eland,  Avere  at  one  period 
covered  by  a  sea  full  of  floating  ice  and  icebergs,  which  made  the 
climate  much  colder  than  it  now  is.  At  the  beginning  of  that 
period  the  Scandinavian  range,  the  other  continental  mountains, 
and  those  in  Britain  and  Ireland,  were  islands  of  no  great  elevation, 
and  were  then  clothed  with  the  present  Arctic  flora,  represent- 
atives of  which  they  still  retain  now  that  they  form  the  tops  of 
the  mountain  chains.  At  that  time  both  plants  and  animals  were 
conveyed  from  one  coimtry  to  another  by  floating  ice.  It  is  even 
probable,  from  the  relations  of  their  fauna  and  flora,  that  Green- 
land, Iceland,  and  the  very  high  European  latitudes,  are  portions 
of  a  great  northern  land  which  had  for  the  most  part  simk  down  at 
the  close  of  the  glacial  period,  for  there  were  many  vicissitvides  of 
level  during  that  epoch.  At  all  events,  it  may  be  presumed  that 
the  elevation  of  the  Arctic  regions  of  both  continents,  if  not  con- 
temporaneous, was  probably  not  far  removed  in  time.  Similarity 
of  circumstances  had  extended  throughout  the  whole  Arctic 
regions,  since  there  is  a  remarkable  similarity  and  even  identity  of 
species  of  plants  and  animals  in  the  high  latitudes  of  both  conti- 
nents, which  is  continued  along  the  tops  of  their  mountain  chains, 
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even  in  tlie  temperate  zones ;  and  there  is  reason  to  believe  that  the 
relations  between  the  faunas  and  floras  of  North  America,  Asia, 
and  Europe,  must  have  been  established  towards  the  close  of  the 
glacial  period. 

_  The  plants  of  Iceland  are  almost  wholly  identical  with  those  of 
Britain  yet  only  one  in  four  of  the  British  plants  are  known  in 
Iceland.  There  are  870  species  in  Iceland,  of  which  more  than 
halt  are  flower  bearing.  This  flora  is  scattered  in  groups  according 
as  the  plants  like  a  dry,  marshy,  volcanic,  or  marine  soil.  Many 
grow  close  to  the  hot  springs ;  some  not  far  from  the  edge  of  the 
basin  of  the  Great  Geyser;  and  species  of  Conferva)  flourish  in  a 
spring  said  to  be  almost  hot  enough  to  boil  an  egg.  The  Cerealia 
cannot  be  cultivated  on  accoimt  of  the  severity  of  the  climate,  but 
the  Icelanders  make  bread  from  7netur,  a  species  of  wild  corn,  and 
also  from  the  bulbous  root  of  Polygonum  viviparum ;  their  greatest 
delicacy  is  the  Angelica  Archangelica ;  Iceland  moss,  used  in 
medicine,  is  an  article  of  commerce.  There  are  583  species  in  the 
Faroe  Islands,  of  which  270  are  flowering  plants :  many  thrive 
there  that  cannot  bear  tlie  cold  of  Iceland. 

§  2.  Arctic  and  Colder  Temperate  Flora  of  the  Great 
Continents— In  the  most  N.  parts  of  the  Arctic  lands  the  year 
is  divided  into  one  long  intensely  cold  night  and  one  bright  'and 
fervid  day,  which  quickly  brings  to  maturity  the  scanty  vegetation. 
Within  the  limit  of  perpetual  congelation  the  Protococcus  nivalis 
(or  red  snow  of  the  Arctic  voyagers),  which  consists  of  an  exces- 
sively thin  stratum  of  microscopic  red  or  orange  colom-ed  globules, 
finds  nourishment  in  the  snow  itself,  the  first  dawn  of  vegetable 
life  ;  it  is  also  found  colouring  large  patches  of  snow  on  the  Alps 
and  PjTenees. 

Lichens  are  the  first  vegetables  that  appear  at  the  limits  of  the 
snow  line,  whether  in  high  latitudes  or  mountain  tops,  and  they  are 
the  first  vegetation  that  takes  possession  of  volcanic  lavas  and  new 
islands,  where  'they  prepare  soil  for  plants  of  a  higher  order ;  they 
grow  on  rocks,  stones,  and  trees,  in  fact  on  anything  that  affords 
them  moisture.  Many  species  are  known ;  no  plants  are  more 
widely  difi'iised,  and  none  aflbrd  a  more  striking  instance  of  the 
power  of  migration  possessed  by  species,  as  they  are  of  so  little 
direct  use  to  man  that  they  have  not  been  disseminated  by  his 
agency.  The  same  kinds  prevail  throughout  the  Arctic  regions, 
and  species  common  to  both  hemispheres  are  very  numerous.  Some 
lichens  produce  brilliant  red,  orange,  and  brown  dyes ;  and  the 
tripe  de  roche,  of  the  North  American  liuuters,  is  a  miserable  sub- 
stitute for  food,  as  our  intrepid  coimtryman  Sir  Jolin  Franklin  and 
liis  brave  companions  experienced  in  their  perilous  Arctic  journeys. 

Musses  follow  lichens  on  newly  formed  soil,  and  they  are  found 
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everywhere  tliroug-liout  the  world  in  damp  situations,  but  in 
o-reatest  abundance  in  temperate  and  alpine  climates.  Upwards 
of  1000  species  are  known,  of  which  a  considerable  number  inhabit 
the  'Arctic  regions,  constituting  a  large  portion  of  the  vegetation. 

In  Asiatic  Siberia,  N.  of  the  60th  parallel  of  latitude,  the 
o-round  is  perpetually  frozen  at  a  very  small  depth  below  the 
surface :  a  temperatm-e  of  the  air  of  -70°  Fahi'.  is  not  uncommon, 
and  in  some  instances  the  cold  has  been  - 120^.  Then  it  is  fatal  to 
animal  hfe,  especially  if  accompanied  by  wind.  In  some  places 
trees  grow  and  corn  ripens  even  at  70°  N.  lat. ;  but  in  the  most 
northern  parts,  boundless  swamps,  varied  by  lakes  both  of  salt  and 
fresh  water,  cover  wide  portions  of  this  desolate  country,  which  is 
buried  under  snow  nine  or  ten  months  in  the  year.  As  soon  as 
the  snow  is  melted  by  the  returning  sim  these  extensive  morasses 
are  covered  with  coarse  grass,  sedges,  and  rushes,  while  mosses 
and  lichens,  mixed  with  dwarf  willows,  clothe  the  plains. 

In  Novaia  Zemlia  aud  other  places  in  the  far  north  the  vegetation 
is  so  stunted  that  it  barely  covers  the  ground,  but  a  much  greater 
T^riety  of  minute  plants  of  considerable  beauty  are  crowded  together 
there  in  a  small  space  than  in  the  Alpine  regions  of  Europe,  where 
the  same  genera  grow.  This  arises  from  the  diminutive  size  of  the 
vegetation;  for  in  the  Swiss  Alps  the  same  plants  frequently 
occupy  a  large  space,  excluding  every  other  species.  In  the  remote 
nortli,  on  the  contrary,  where  vitality  is  comparatively  feeble  and 
the  seeds  do  not  ripen,  30  diiferent  species  may  be  seen  crowded 
together  in  a  bright  green  mass,  no  one  having  strength  to  over- 
come the  rest.  In  such  frozen  climates  plants  may  be  said  to  live 
between  the  air  and  the  earth,  for  they  scarcely  rise  above  the  soil, 
and  their  roots  creep  along  the  surface,  having  scarcely  power  to 
enter  it.  AH  the  woody  plants,  as  the  Betula  nana,  the  reticulate 
leaved  willow,  Andromeda  tetragona,  with  a  few  berry-bearing 
shrubs,  trail  along  the  ground,  never  rising  more  than  an  inch  or 
two  above  it.  The  Salix  lauata,  the  giant  of  these  Arctic  forests, 
never  grows  more  than  5  inches  high,  while  its  stem,  10  or  12 
ft.  long,  lies  hidden  among  the  moss,  owing  shelter  to  its  lowly 
neighbours. 

The  chief  characteristic  of  the  vegetation  of  the  Arctic  regions 
is  the  predominance  of  perennial  and  cryptogamous  plants,  and  also 
the  sameness  of  its  nature  ;  but  more  to  the  S. ,  where  night  begins 
to  alternate  with  day,  a  diiference  of  species  appears.  A  beautiful 
flora  adorns  these  latitudes  during  their  brief  but  bright  and  ardent 
summer,  consisting  of  potentillas,  gentians,  chickweeds,  saxifrages, 
sedums,  ranunculi,  drabas,  artemisias,  claytonias,  and  many  more. 
Such  is  the  power  of  the  sun,  and  the  consequent  rapidity  of  vegeta- 
tion, that  these  plants  spring  up,  blossom,  ripen  their  seed,  and  die 
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in  a  few  weeks  :  in  a  lower  latitude  woody  plants  foUow  these,  as 
berry-bearing  shrubs,  the  glaucous  kalmia,  the  trailing  azalea,  and 
rhododendrons. 

A  large  proportion  of  the  plants  found  by  Wormslnold  in 
Kamtschatka  are  Eiu-opean,  intermixed  with  many  which  are 
purely  American.  Few  European  trees  grow  in  Asiatic  Siberia, 
notwithstanding  the  similarity  of  climate,  and  most  of  them  dis- 
appear towards  the  Eivers  Tobol  and  Irtish. 

In  Lapland  and  in  the  high  latitudes  of  Russia  large  tracts  are 
covered  with  birch  trees,  but  the  pine  and  fir  tribe  are  the  principal 
inhabitants  of  the  N,  Prodigious  forests  of  these  are  spread  over 
the  momitains  of  Norway  and  Sweden,  and  in  European  Russia 
200,000,000  acres  are  clothed  with  these  Conifers  alone,  occa- 
sionally mixed  with  willows,  poplars,  and  alders.  Although  tracts 
of  pure  sand  and  limestone  are  absolutely  barren,  yet  the  soil 
generally  contains  enough  of  alkali  to  supply  the  wants  of  the  fir 
and  pine  tribe,  which  require  ten  times  less  than  oaks  and  other 
deciduous  trees. 

Social  plants  abound  in  many  parts  of  the  N.  temperate  regions, 
as  grass,  heath,  fiu'ze,  and  broom ;  the  steppes  ai'e  an  example 
of  this  on  a  very  extensive  scale.  Both  in  Europe  and  Asia  they 
are  subject  to  a  rigorous  winter,  with  deep  snow  and  chilling  blasts 
of  wind:  and  as  the  soil  generally  consists  of  a  coating  of  vegetable 
mould  over  clay,  no  plants  with  deep  roots  thrive  upon  them ; 
hence  the  steppes  are  destitute  of  trees,  and  even  bushes  are  rai-e 
except  in  ravines  ;  the  grass  is  thin,  but  nourishing.  Hyacinths  and 
some  other  bulbs,  mignonette,  asparagus,  liquorice,  and  wormwood, 
grow  in  the  European  steppes ;  the  two  latter  are  peculiarly  cha- 
racteristic. 

Each  steppe  in  Siberia  has  its  own  association  of  plants ;  the 
Peplis  and  Camphorosma  are  peculiar  to  the  steppe  of  the  Irtish, 
and  the  Amaryllis  tartarica  abounds  in  the  meadows  of  E.  Siberia, 
the  vegetation  of  which  bears  a  great  analogy  to  that  of  America, 
many  genera  and  species  being  common  to  both. 

The  Siberian  st  eppes  are  bounded  on  the  S.  by  great  forests  of 
pine,  birch,  and  willow  ;  poplars,  elms,  and  Tartarian  maple  over- 
hang the  upper  courses  of  the  noble  rivers  which  flow  from  the 
mountains  to  the  Frozen  Ocean ;  and  on  the  banks  of  the  Yenisei 
the  Pinus  Oembra,  or  Siberian  pine,  with  edible  seeds,  grows  120 
ft.  high.  The  Altai  are  covered  in  some  parts  nearly  to  their 
siunmits  with  similar  forests,  but  on  their  greatest  heights  tlie 
stunted  larch  crawls  on  the  ground,  and  the  flora  is  like  that  of 
N.  Siberia:  round  Lake  Baikal  the  Pinus  Oembra  grows  nearly 
to  the  snow  line. 

Forests  of  black  birch  are  peculiar  to  Dauria,  where  there  are 
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also  apricot  and  apple  trees,  and  rhododendrons,  of  which  a  species 
with  yellow  blossoms  grows  in  thickets  on  the  hills.  Here  and 
everywhere  else  throng-hout  Central  Asia  are  found  various  species 
of  Oaragaua,  a  genus  eminently  Siberian. 

The  elevated  mountain  mass  of  Tibet  has  the  character  of  great 
sterility,  and  the  chmate  is  as  unpropitious  as  the  soil :  frost  begins 
early  in  September,  and  continues  with  little  interruption  till  May ; 
snow,  indeed,  in  some  parts,  falls  every  mouth  in  the  year,  though 
in  excessively  small  quantities,  owing  to  the  extreme  dryness  of  the 
climate.  The  air  is  always  dry,  because  moisture  falls  chiefly  in 
winter,  in  the  form  of  snow,  and  in  summer  it  is  quickly  evaporated 
by  the  intense  heat  of  the  sun.  The  thermometer  sometimes  rises 
to  144°  Fahr.,  and  even  in  winter  the  direct  rays  of  the  sun  have 
great  power  for  an  hour  or  two,  so  that  a  variatiou  of  100°  in  the 
temperature  of  the  air  has  occurred  in  12  hours.  Notwithstanding 
these  disadvantages,  there  are  sheltered  spots,  heated  by  radiation 
from  the  dry  rocky  mountain  flanks,  which  produce  most  of  the 
Eiu-opean  grains  and  fruits,  the  vegetation  being  of  Siberian 
character,  and  the  species  to  a  considerable  extent  identical.  The 
most  common  indigenous  plants  are  Tartarian  furze  (Garagana), 
and  various  prickly  shrubs  resembling  it — gooseberries,  currants, 
hyssop,  dog  rose,  dwarf  sow  thistle,  and  rhubarb.  Praugos,  an 
umbelliferous  plant,  with  a.bundant  foliage,  is  peculiar-  to  Ladak 
and  parts  of  Tibet.  Mr.  Moorcroft  says  it  is  so  nutritious  that 
sheep  fed  on  it  become  fat  in  twenty  days.  There  are  three 
varieties  of  wheat,  three  of  barley,  and  two  of  buckwheat  culti- 
vated, as  also  are  maize  and  rice  together  with  piilses,  lucerne, 
lentils,  and  spinach.  Olives,  pears,  apples,  peaches,  apricots,  mul- 
berries, grapes,  currants,  and  melons  of  large  size  and  delicious 
flavour  are  produced.  Cotton  of  valuable  quality  abounds,  and 
plants  on  which  silkworms  are  fed.  Owing  to  the  rudeness  of  the 
climate,  trees  are  not  numerous,  yet  on  the  lower  declivities  of 
some  mountains  there  are  poplars,  birch,  walnut,  willows,  juniper, 
hippophae,  and  Gerard's  pine,  the  nuts  of  which  are  eaten. 

The  great  valley  of  Tartary  N.  of  Tibet  is  chiefly  occupied  by 
the  C4obi  and  other  deserts  of  sand,  with  chains  of  salt  lakes,  and 
gi-assy  steppes  near  the  mountains.  In  all  parts  of  these  Mon- 
golian deserts  vegetation  depends  chiefly  on  the  rains.  Directly 
these  have  fallen  and  the  influence  of  the  sun  begins  to  be  felt, 
young  plants  shoot  up  with  surprising  rapidity  and  the  deserts  are 
sprinkled  with  green  oases.  Biit  all  this  new  hfe  is  of  the  briefest 
duration;  for  as  soon  as  the  scorching  sun  has  evaporated  the 
moisture  the  herbage  withers,  and  all  becomes  again  a  scene  of 
sterile  desolation.  The  most  common  flora  of  these  deserts  is  the 
karniyh,  a  saline  shrub  which  grows  in  stunted  clumps  and  is  much 
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valued  for  its  berries ;  the  hudarhana  (kalidiuiu  gracilis),  a  saline 
shrub  which  forms  the  favourite  food  of  the  camel ;  scrub  icorm- 
wood ;  onion ;  dirisun,  a  wiry  kind  of  grass  which  grows  in  clumps 
from  4  to  5  ft.  high  ;  and  a  few  other  of  the  (p-amince.^ 

§  3.  Flora  of  Sritain  and  of  Middle  and  Soutbern 
Europe. — The  British  Islands  aiford  an  excellent  illustration  of 
distinct  provinces  of  animals  and  plants,  and  also  of  their  migration 
from  other  centres.  Professor  E.  Forbes  has  adopted  live  botanical 
districts,  the  plants  of  four  of  which  are  restricted  to  limited  pro- 
vinces, whilst  those  of  the  fifth,  which  comprehends  the  great 
mass  of  British  plants,  are  everywhere.  All  of  these,  with  a  very 
few  doubtful  exceptions,  had  migrated  into  the  British  Islands 
before  the  latter  were  separated  from  the  continent.  The  fii'dt 
flora,  which  is  of  great  antiquity,  includes  that  of  the  mountain 
districts  of  the  W.  and  S.  W.  of  Ireland,  and  is  similar  to  that  of 
the  N.  and  W.  of  Spain.  The  second  flora  is  that  of  the  S.  of 
England  and  the  S.E.  of  Ireland,  which  is  ditt'erent  from  that  in 
all  other  parts  of  the  British  Islands  ;  it  is  intimately  related  to 
the  vegetation  of  the  Channel  Islands  and  the  coast  of  France 
opposite  to  them.  The  third  flora  appears  in  the  S.W.  of  England, 
w^here  the  chalk  plants  prevail,  and  the  flora  is  like  that  on  the 
adjacent  coast  of  France. 

The  tops  of  the  loftiest  British  mountains  form  the  fourth  class, 
and  are  the  focus  of  a  separate  flora,  which  is  the  same  with  that 
in  the  Scandinavian  Alps,  and  is  very  niunerous.  Scotland,  Wales, 
and  a  part  of  Ireland  received  this  flora  when  they  were  groups  of 
islands  in  the  Glacial  Sea,  and  some  few  individuals  grow  on  the 
summits  of  the  mountains  in  Ouiuberland.  The  rare  Eriocaulon  is 
found  in  the  Hebrides,  in  Oonnemara,  and  in  North  America, 
and  nowhere  else.  The  fifth,  of  more  recent  origin  than  the  alpine 
flora,  includes  all  the  ordinary  flowering  plants,  as  the  common 
daisy  and  primrose,  hairy  ladies'  smoclc,  upright  meadow  cro^^^oot, 
and  the  lesser  celandine,  together  with  our  common  trees  and 
shrubs  ;  it  migrated  from  Germany  at  a  later  epoch,  but  still  before 
England  was  separated  from  the  continent  of  Europe  by  the  British 
Channel.  It  can  be  distinctly  traced  in  its  progress  across  the 
island,  but  the  migration  was  not  completed  till  after  Ireland  w^as 
separated  from  England  by  the  Irish  Channel.  This  is  the  reason 
why  many  of  the  ordinary  English  plants,  mammals,  and  reptiles 
are  not  found  in  the  sister  island,  for  the  migration  of  animals  was 
simultaneous  with  that  of  plants,  and  took  place  between  the  last 
of  the  tertiary  periods  and  the  historical  epoch.  This  flora  extends 
also  over  a  great  part  of  the  continent. 


1  See  Col.  Prejevalsky's  '  Mongolia,'  chaps,  i.  and  viii. 
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Deciduous  trees  are  tlie  chief  characteristic  of  the  temperate  zone 
of  the  whole  continent,  more  especially  of  middle  Europe.  Oaks, 
elms,  heech,  ash,  larch,  maple,  lime,  alder,  and  sycamore,  all  of 
which  lose  their  leaves  in  winter,  are  the  prevailing  trees,  occasion- 
ally mixed  with  social  pines  and  firs,  together  with  grass  pastm-es 
and  extensive  heaths  in  some  places. 

Evergreen  trees  and  shrubs,  with  shining  leaves,  hecome  more 
frequent  in  the  S.  of  Europe,  where  about  a  fourth  part  of  the 
woody  plants  never  entirely  lose  their  leaves.  The  trees  and  shrubs 
consist  chiefly  of  evergieen  oaks,  cypress,  hornbeam,  sweet  chest- 
nut, laurel,  laurustiniis,  walnut,  maple,  manna  or  the  flowering  ash, 
carob,  jujube,  juniper,  pistachios  (some  of  which  yield  oily  nuts, 
some  resin,  and  some  mastic),  arbutus,  myrtle,  jessamine  and 
various  pines,  as  the  Pinus  maritima,  and  Pinus  pinea,  or  stone 
pine,  which  forms  so  picturesque  a  featui-e  in  the  landscape  of  S. 
Eiu-ope.  The  most  prevalent  herbaceous  plants  are  Compositte, 
Grasses,  and  Oaryophyllacese,  as  Pinks,  Stellaria,  and  Arenarias  ; 
and  also  the  labiate  tribe,  mint,  thyme,  rosemary,  lavender,  with 
many  others,  all  remarkable  for  their  aromatic  properties  and  their 
love  "of  dry  situations.  Many  of  the  choicest  plants  and  flowers 
which  adorn  the  gardens  and  grounds  in  northern  Em-o^e  are  in- 
digenous in  these  warmer  countries  :  the  anemone,  mignonette, 
narcissus,  gladiolus,  iris,  asphodel,  amaryllis,  carnation,  &c.  In 
Spain,  Portugal,  Sicily,  and  on  the  other  European  shores  of  the 
]\Iediterranean,  tropical  families  begin  to  appear  in  the  Aroidese, 
plants  yielding  balsams,  oleander,  date  and  palmetto  palms,  and 
grasses  of  the  group  of  Panicum  or  millet,  aloes,  and  cactus. 
In  this  zone  of  transition  there  are  six  herbaceous  for  one  woody 
plant. 

§  4.  riora  of  Temperate  Asia, — The  vegetation  of  W.  Asia 
approaches  to  that  of  W.  India  at  one  extremity  and  N.  Africa 
and  E.  Europe  at  the  other.  Syria  and  Asia  Minor  form  a  region 
of  transition,  Ifl^e  the  other  countries  on  the  Mediterranean,  where 
the  plants  of  the  temperate  and  tropical  zones  are  united.  We 
owe  many  of  om-  best  fruits  and  sweetest  flowers  to  these  regions. 
The  cherry,  almond,  oleander,  syringa,  locust  tree,  &c.,  come  from 
Asia  Minor ;  the  walnut,  peach,  melon,  cucumber,  hyacinth,  ranun- 
culus, come  from  Persia  ;  the  date  palm,  fig,  olive,  mulberry,  and 
damask  rose,  come  from  Syria  ;  the  vine  and  apricot  are  Armenian  ; 
the  latter  is  cultivated  everywhere  in  middle  and  northern  Asia. 
The  tropical  forms  met  with  in  more  sheltered  places  are  the 
sugar  cane,  date,  and  palmetto  palms,  acacias,  Asclepias  gigantea, 
and  arborescent  Apocynacese.  The  singular  gorge  of  the  Jordan 
valley  presents  a  tropical  vegetation.  The  papyrus,  now  extinct 
in  Egypt,  is  found  in  the  marshes  of  Merom;  and  the  Zizyphus 
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spiaachristi  is  characteristic  of  the  whole  course  of  the  river. 
The  '  Zukkum,'  or  false  balm  of  Gilead,  the  osher  tree  of  Nubia 
and  Abyssinia,  the  henna  or  camphire,  and  the  Salvidora  Persica 
abound.  The  flowers  are  of  Abyssinian,  S.  Arabian,  and  some  of 
Indian  types.'  The  Nelumbium  speciosuni  grows  in  one  spot  5 
miles  from  the  town  of  Astrakhan,  aiid  nowhere  else  in  the  wide 
domains  of  Russia ;  the  leaves  of  this  beautiful  aquatic  plant 
are  often  two  feet  broad,  and  its  rose-coloured  flowers  are  very 
fragrant.  It  is  also  a  native  of  India,  where  it  is  held  sacred,  as 
it  was  formerly  in  Egypt,  where  it  is  said  to  be  extinct :  it  is  one 
of  the  many  instances  of  a  plant  growing  in  countries  far  apart. 

The  plains  of  Persia  are  covered  with  a  clayey,  sandy,  or  saline 
soil,  and  the  climate  is  very  dry ;  hence  vegetation  is  poor,  and 
consists  of  thorny  bushes,  acacias,  tamarisk,  jujube,  &c.  Forests  of 
oak  cover  the  mountains  of  Laristan,  but  the  date  pahn  is  almost 
the  only  arborescent  produce  of  the  parched  shores  of  the  Arabian 
Gulf  and  of  the  oases  on  the  Persian  plains.  In  the  valleys,  which 
are  beautiful,  there  are  clumps  of  Oriental  plane  and  other  trees, 
hawthorn,  tree  roses,  and  many  of  the  odoriferous  shrubs  of  Arabia 
Felix. 

Afghanistan  produces  in  its  valleys  the  seedless  pomegranate, 
acacias,  date  palms,  tamarisks,  &c.  The  valleys  of  the  Hindu  Kush 
present  clover,  thyme,  violets,  and  many  odoriferous  plants;  the 
greater  part  of  the  trees  in  the  mountains  are  of  European  genera. 

Hot,  arid  deserts  bound  India  on  the  W.,  where  the  stunted  and 
scorched  vegetation  consists  of  tamarisks,  thorny  acacia,  deformed 
Euphorbise,  and  almost  leafless  thorny  trees.  Indian  forms  begin 
to  abound  east  of  the  Indus,  but  Syrian  and  Persian  genera  and 
species  accompany  these  as  far  east  as  Delhi. 

The  Himalaya  Mountains  form  a  distinct  botanical  district.  Ln- 
mediately  below  the  snow  line  the  flora  consists  of  Arctic,  Siberian, 
Alpine,  European,  and  Caucasian  forms,  amongst  which  rhododen- 
drons and  andromedas  are  conspicuous.  'Lower  down  European 
forms  become  universal,  though  the  species  are  Indian.  There  are 
extensive  forests  of  Ooniferse,  consisting  chiefly  of  Pinus  excelsa, 
Pinus  deodara,  and  Smithiana,  with  many  deciduous  forest  and 
fruit  trees  of  European  genera.  Here  the  scarlet  and  other  rhodo- 
dendrons grow  luxuriantly;  walnuts,  numerous  species  of  oak, 
many  of  which  attain  a  great  size,  and  maples.  A  transition  from 
this  flora  to  a  tropical  vegetation  takes  place  between  the  altitudes 
of  4000  and  6000  ft.  On  the  hot  declivities  of  the  mountains, 
tropical  types,  as  Erythriua  and  Bombax  heptaphyUum,  are  common 
trees,  together  with"  the  Sal-tree  {Shorea  robusta),  Dalbergia  and 


1  Tristram's  '  Natural  History  of  the  Bible.' 
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Oedrela,  a  gemis  aUied  to  maliogany.  The  flora  of  the  Panjab  as 
greatly  modified  by  the  circumstances  of  the  increase  of  cold  going 
northward  or  upwards  in  the  hiUs,  and  also  of  the  greater  aridity 
towards  the  W.  and  towards  the  interior  of  the  hills.  Distance 
from  the  hills  also  increases  aridity,  and  the  most  arid  part  of  the 
plains  of  the  Panjab  is  probably  near,  and  to  the  W.  of,  Miiltan, 
where  the  scant  rainfall  is  reclroned  by  fractions  of  an  inch.  The 
aridity  lessens  the  amount  of  the  vegetation,  and  modifies  its 
nature.  In  passing  from  the  outer  and  middle  ranges  of  the  Hima- 
layas into  the  semi-Tibetan  tracts  of  the  Upper  Sutlej  and  Upper 
Ohenab,  this  is  very  evident  ;  and  in  Ladak,  where  great  elevation 
is  added  to  intense  dryness,  trees  are  almost  unknown  and  shrubs 
rare,  the  herbaceous  plants  are  widely  different  from  those  growing 
in  the  outer  hills.  Ferns,  orchids,  and  balsams  are  extremely  rare 
in  the  Panjab. 

It  is  remarkable  that  Indian,  European,  American,  and  Chinese 
forms  are  united  in  the  above  mentioned  zone  of  transition,  though 
the  distinctness  of  species  still  obtains  :  the  Triosteum,  a  genus  of 
the  honeysuckle  tribe,  is  American ;  the  Abelia,  another  genus  of 
the  same  tribe,  together  with  OameUia  and  others,  are  peculiarly 
Chinese  :  the  wild  thyme  is  European. 

The  temperate  regions  of  E.  Asia,  including  Mongolia  and  Mand- 
churia,  N.  China,  and  Japan,  have  a  vegetation  totally  diflferent 
from  that  of  any  other  part  of  the  globe  similarly  situated,  but 
closely  allied  to  the  temperate  Himalayan,  and  show  in  a  strong 
point  of  view  the  distinct  character  which  vegetation  assumes  in 
different  longitudes.  In  Mandchiu-ia  and  the  vast  moimtain  chains 
that  slope  from  the  E.  extremity  of  the  high  Tartarian  table- 
land to  the  fertile  plains  in  China,  the  plants  are  generally  of 
European  genera,  but  Asiatic  species  ;  in  these  countries  the  buck- 
thorn and  honeysuckle  tribes  are  so  numerous  as  to  give  a  peculiar 
character  to  the  vegetation.  Mixed  with  these  and  with  roses  are 
thickets  of  azaleas  covered  with  blossoms  of  dazzling  brightness 
and  beauty. 

The  transition  zone  in  this  country  lies  between  the  35°  and 
27°  N.  lat.,  in  which  the  tropical  flora  is  mixed  with  that  of  the  N. 
provinces.  The  prevailing  plants  on  the  Chinese  low  grounds  are 
Glycine,  Hydrangea,  the  camphor  laurel,  Stilliugia  sebifera,  or  wax 
tree,  Clerodendron,  Hibiscus  rosa-sinensis.  Thuja  orientalis,  Olea 
fragrans,  the  sweet  blossoms  of  which  are  mixed  with  the  finer 
teas  to  give  them  flavuiu-;  Melia  azedarach,  or  Indian  pride, 
the  paper  mulberry,  and  others  of  the  genus,  and  Camellia 


1  Stewart's  '  Panjab  Plants.' 
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Basanqua,  whicli  covers  liills  in  the  province  of  Kiang-si.  The  tea 
plant  and  other  species  of  Camellia  grow  in  many  parts  ;  the  finest 
tea  is  the  produce  of  a  low  range  of  hills  between  the  33rd  and 
25th  pai-allels,  an  offset  from  the  great  chain  of  Peling.^ 

The  climate  of  S.  Japan  is  milder  than  its  latitude  would 
indicate,  owing  to  the  influence  of  the  surrounding  ocean.  Euro- 
pean forms  prevail  in  the  high  lands,  as  they  do  generally  throughout 
the  mountains  of  Asia  and  the  Indian  Archipelago,  with  a  dif- 
ference of  species.  The  Japanese  flora  is  similar  to  the  Chinese, 
and  contains  numerotis  Amei'ican  plants,  besides  others  of  Indian 
and  tropical  climates.  These  islands,  nevertheless,  have  their  own 
peculiar  flora.  Many  tropical  plants  mingle  with  the  vegetation  of 
the  Southern  Islands. 


^  Thea  vind's  and  bnJiea  are  possibly  only  varieties  of  the  same  plant ; 
the  black  tea  is  a  more  robust,  the  green  a  more  delicate  plant.  The 
quality  of  the  tea  depends  upon  the  stage  of  growth  at  which  it  is 
gathered  ;  earl}'  leaves  make  the  best  tea  ;  those  picked  late  in  the  season 
give  a  very  coarse  tea.  Bohea  grows  in  the  province  of  Fo-kien,  hyson  in 
Song-lo.  Pekoe,  or  pak-ho  (  =  ' white  down'),  consists  of  the  first  downy 
sprouts  or  leaf-bnds  of  three-years-old  plants.  A  very  costly  tea  of  this 
kind,  never  brought  to  Europe,  and  known  as  the  tea  of  the  Wells  or  the 
Dragon,  is  used  only  by  persons  of  the  highest  rank  in  China.  The  true 
Imperial  tea  also,  called  Flos  theee— which  is  not,  as  was  supposed,  the 
flower-buds,  but  merely  a  very  superior  quality  of  tea — seldom  reaches 
ICurope  ;  that  sold  under  this  name  is  really  Chusan  tea  flavoured  with 
blossoms  of  Olea  fragrans.  The  Chinese  keep  tea  a  year  before  they 
ixse  it,  because  fresh  tea  has  an  intoxicating  quality  which  produces 
disturbance  of  the  nervous  system.  It  is  a  remarkable  circumstance 
that  tea  and-  coffee,  belonging  to  different  families,  natives  of  different 
quarters  of  the  globe,  should  possess  the  same  principle — theine  and  caffeine 
are  in  most  respects  identical — and  it  is  not  less  remarkable  that  their 
application  to  the  same  use  should  have  been  so  early  discovered  by  man. 
Tea  was  first  brought  to  Europe  by  the  Dutch  in  IGIO  ;  a  small  quantity' 
came  to  England  in  1066,  and  now  the  annual  consumption  of  tea  in  Great 
Britain  is  upwards  of  130,000,000  of  pounds. —  Davis's  '  China.' 

The  tea  plant  grows  naturally  in  Japan  and  Upper  Assam  :  it  is  hardy 
and  possesses  great  power  of  adaptation  to  climate.  It  has  lately  been 
cultivated  in  Brazil  and  in  Algiers,  at  an  expense  which  renders  it  im 
profitable  ;  but  it  is  already  very  remunerative  in  Assam  and  throughout 
the  Himalayas,  especially  in  the  Kangra  valley,  in  the  upper  part  of  the 
basin  of  the  Bias.  Tea  comes  to  Europe  almost  exclusively  from  China, 
but  the  plant  thrives  so  well  in  the  X.W.  provinces  of  India  that  the 
Englisli  will  viltimately  compete  with  the  Chinese  in  producing  it  especially 
for  the  Tibet  market.  In  1869,  Mr.  Shaw  penetrated  to  Yarkand,  carrying 
Kangra  tea. 

The  plants  with  which  the  Chinese  give  fl.avour  to  tea  are  the  Olea 
fragrans,  Chloranthus  inconspicuus,  Gardenia  florida,  Aglaia  odorata,  Jas- 
minum  sambac,  Vitex  spicata.  Camellia  sasnnqua  and  odorifcra.  Illicium 
anisatum.  Magnolia  yulan,  Rosa  indica,  turmeric,  oil  of  Bixa  orellana,  and 
the  root  of  the  Florentine  iris. 
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CHAPTER  XXVII. 

VEGETATION — continued. 

§  1.  Flora  of  the  Indo-Chinese  Peninsula  and  the  Indian 
Archipelago. — Tropical  Asia  is  divided  by  nature  into  three  dis- 
tinct botanical  reo^ions  :  the  Malayan  peninsula,  with  the  Indian 
Archipelago ;  India  S.  of  the  Himalaya,  with  the  Island  of  Ceylon  ; 
and  the  Arabian  peninsula.  The  two  former  have  strong  points 
of  resemblance,  though  their  floras  are  peculiar. 

Many  of  the  vegetable  productions  of  the  peninsula  beyond  the 
Ganges  are  the  same  with  those  of  other  parts  of  India,  mixed  with 
the  plants  of  the  Indian  Archipelago,  so  that  this  country  is  a 
region  of  transition,  though  it  has  also  a  splendid  vegetation  of 
peculiar  productions,  dyes  of  the  most  vivid  hues,  spices,  medicinal 
plants,  and  many  with  the  sweetest  perfume.  The  soil  in  many 
places  yields  three  crops  in  the  year  :  the  fruits  of  India,  and  most 
of  those  of  China,  come  to  perfection  in  the  low  lands.  Various 
palms  adorn  the  Malayan  peninsula :  of  these  the  Arang  is  emi- 
nently characteristic  of  that  country  ;  it  is  an  ugly  plant,  the  stem 
of  wliich  is  covered  with  black  fibres  like  horsehair,  sufficiently 
strong  to  make  cordage.  It  is  cultivated  for  the  sugar  and  wine 
made  from  its  juice.  Teak  is  plentiful ;  almost  all  that  is  used 
in  Bengal  comes  from  the  Birman  Empire,  though  it  is  less  durable 
than  that  of  the  Malabar  coast.  The  Hopea  odorata  is  so  large 
that  a  canoe  is  made  of  a  single  trunk  ;  the  Gordonia  integrifolia  is 
held  in  such  veneration  that  every  Birman  house  has  a  beam  of  it. 

There  are  many  species  of  native  oak  in  the  forests  :  the  Mimosa 
catechu,  which  furnishes  the  terra  japonica ;  the  trees  which  produce 
varnish  and  stick-lac ;  the  Glyphyria  nitida,  a  myrtle,  the  leaves  of 
which  are  used  as  tea  in  Bencoolen,  called  by  the  natives  the  tree 
of  long  life.  The  coasts  are  wooded  by  mangroves,  casuarina,  and 
the  Heritiera  robusta,  a  large  tree  which  tlu-ives  within  reach  of 
the  tide  ;  bamboos  with  stems  a  foot  and  a  half  in  diameter  grow 
in  dense  thickets  in  the  low  lands.  The  Palmyra  palm  and  the 
Borassus  flabelliformis  grow  in  extensive  groves  in  the  valley  of 
the  Irawadi  ;  the  latter  is  a  magnificent  tree,  often  100  ft.  high, 
remarkable  for  its  gigantic  leaves,  one  of  which  would  shelter  12 
men. 

The  anomalous  family  of  the  Cycadese,  somewhat  lilse  palms 
with  large  pinnated  leaves,  is  found  here  and  in  tropical  India. 
Orchidacefe  and  tree  ferns  are  innumerable  in  the  woody  districts  of 
the  peninsula. 
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The  vegetation  of  the  Indian  archipelago  is  gorgeous  beyond 
description ;  although  it  bears  a  strong  affinity  to  that  of  the 
Malayan  peninsula,  tropical  India,  and  Ceylon.  The  height  of  the 
mountains  causes  variety  in  the  temperature  sufficient  to  admit  of 
the  growth  of  dammar  pines,  oaks,  rhododendrons,  magnolias, 
maples,  honej'sucldes,  vacciuiums,  and  other  European  orders  of 
woody  and  herbaceous  plants  :  yet  they  have  scarcely  one  species 
in  common  with  Europe. 

Palm  trees  are  more  abundant  in  these  islands  than  in  any  other 
part  of  the  world,  except  tropical  Ameiica,  where  the  species  exist 
in  such  great  number  and  diversity.  Three  species  of  Areca, 
attaining  a  height  of  more  than  40  or  50  ft.,  are  cultivated  in  all 
the  hot  parts  of  India;  and  Oaryota  urens  (the  fruit  of  which  is 
acrid,  although  the  sap  yields  wine  and  sugar)  is  also  a  native. 
The  attempt  is  vain  to  specify  the  multitudes  of  these  graceful 
trees,  which  form  so  characteristic  a  feature  in  tbe  vegetation  of 
these  tropical  islands,  where  a  rich  moist  soil  with  intense  heat 
brings  them  to  such  perfection. 

Jungles  and  dense  woods  entirely  cover  the  smaller  islands,  and 
the  plains  of  the  larger  ;  the  coasts  are  lined  with  thickets  of  man- 
groves, a  matted  vegetation  of  {cheat  trees,  bamboos,  and  coarse 
grass,  entwined  with  climbing  and  creeping  plants,  and  overgrown 
by  orchidaceous  parasites  in  myriads  :  the  gutta-percha  is  also  a 
native  of  these  alluvial  tracts.  The  forest  trees  of  the  Indian 
Archipelago  are  extremely  numerous ;  teak  and  many  of  the  con- 
tinental trees  grow  there,  but  the  greater  number  are  peculiarly 
their  own.  The  naturalist  Rumphius  had  a  cabinet  inlaid  with  400 
kinds  of  wood,  the  produce  of  Amboyna  and  the  Molucca  Islands. 

Borneo  and  the  adjacent  islands  are  the  region  of  the  Dryoba- 
lanops  camphora,  in  the  stems  of  which  beautiful  amber  coloured 
crvstals  of  a  remarkable  and  costly  kind  of  camphor  are  found. 
There  are  thickets  of  the  Pandanus  or  screw  pine,  a  plant  re- 
sembling a  gigantic  pineapple. 

This  is  the  region  of  spices,  which  are  very  limited  in  their 
distribution :  the  Myristica  moschata  (the  nutmeg  and  mace  plant) 
is  confined  to  the  iSanda  Islands,  but  it  is  said  to  have  been  dis- 
covered lately  in  New  Guinea.  The  Amboyna  and  the  Molucca 
groups  are  the  focus  of  the  OaryophyUus  aromaticus,  a  myrtle,  the 
flower  buds  of  whicb  are  known  as  cloves.  Various  species  of 
cinnamon  and  cassia,  both  of  the  laurel  tribe,  together  with  peppers, 
grow  in  tbis  archipelago.  All  the  pepper  plants  reqiure  great  heat ; 
the  common  black  pepper  is  peculiar  to  the  hottest  parts  of  Asia, 
extending  only  a  few  degrees  on  each  side  of  the  equator.  Some  of 
the  most"  excellent  fruits  are  indigenous  here  only,  as  the  durian, 
the  ayer-aya,  loquat,  the  choapa  of  the  Moluccas,  peculiar  kinds  of 
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orauge,  lemon,  and  citron,  with  others  known  only  by  name  else- 
where, especially  the  mangosteen,  which  is  almost  peculiar.  Those 
common  to  the  continent  of  India  are  the  jamhose  or  rose  apple, 
jack,  pine  apple,  mango,  and  the  banana. 

Here  the  nettle  tribe  assume  the  most  pernicious  character,  as 
the  upas  tree  of  Java,  one  of  the  most  deadly  vegetable  poisons : 
and  even  the  plants  resembling  our  common  nettle  are  so  acrid  that 
the  sting  of  one  in  Java  occasions  not  only  pain  but  illness  which 
lasts  for  days,  A  nettle  in  the  Island  of  Timor,  called  by  the 
natives  the  '  Devil's  leaf,'  is  so  poisonous  that  it  produces  long  ill- 
ness and  even  death.  The  chelik,  a  shrub  growing  in  the  dense 
forests,  produces  a  poison  even  more  deadly  than  the  upas.  Some 
of  the  fig  genus,  which  is  aUied  to  the  natural  order  of  nettles, 
have  acrid  juices. 

Sir  Stamford  Raffles  describes  the  vegetation  of  Java  as  '  fear- 
ful.' In  some  of  these  forests  the  air  is  heavy,  charged  with  dank 
and  deadly  vapours,  rarely  agitated  by  a  Isreath  of  wind ;  the 
soil,  of  the  deepest  black  vegetable  mould,  always  moist  and 
clammy,  stimulated  by  the  fervid  heat  of  a  tropical  sun,  produces 
trees  the  stems  of  which  are  of  a  spongy  texture  from  their  rapid 
growth,  and  loaded  with  parasites,  particularly  the  orchidaceous 
tribes.  Tree  ferns  form  a  large  portion  of  the  vegetation  of  Java 
and  all  these  islands. 

The  Rafflesias,  of  which  there  are  fom-  species,  are  the  most 
singular  productions  of  this  archipelago.  The  most  extraordinary 
one  was  discovered  in  Sumatra  by  Dr.  Arnold,  and  is  therefore 
called  Rafflesia  Arnoldi.  It  is  a  parasitical  plant,  consisting  of 
nothing  but  a  flower,  which  vegetates  in  the  prostrate  stems  of  a 
gigantic  vine.  Its  buds  are  the  size  of  an  ordinary  cabbage,  and 
the  flower,  which  smells  of  carrion,  is  of  a  brick  red  colour,  ^  ft. 
in  diameter.  It  weighs  15  poimds,  and  the  cup  in  its  centre  could 
contain  12  pints  of  liquid. 

According  to  Sir  Stamford  Raffles  there  are  six  distinct  climates 
in  Java,  from  the  top  of  the  mountains  to  the  sea,  each  havino- 
an  extensive  indigenous  vegetation.  No  other  country  can  show  an 
equal  abundance  and  variety  of  native  fruit  and  esculent  veoetables 
There  are  100  varieties  of  rice  ;  and  of  fragrant  flowers,"  shrubs, 
and  ornamental  trees  the  number  is  inflnite.  Abundant  as  the 
Orchidacese  are  in  Java,  Oeylon,  and  the  Burmese  empire,  these 
countnes  possess  very  few  that  are  common  to  them  all,  so  local 
IS  their  distribution.  Ferns  are  more  plentiful  in  this ,  archipelao-o 
than  elsewhere;  tree  ferns  are  found  chiefly  between  or  near  the 
tropics,  m  damp  places. 

§  2.  Indian  riora.— The  plains  of  Hindustan  are  so  com- 
pletely sheltered  from  the  Siberian  blasts  by  the  high  mountain 
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ranges  of  Tartary  and  the  Himalayas,  and  heated  and  watered  hj 
the  monsoons,  that  the  vegetation  at  the  foot  of  that  range  already 
assumes  a  tropical  character.  In  the  jungles  and  lower  ridges  of 
the  fertile  valleys  of  the  central  and  eastern  Himalayas,  and  in  the 
dark  recesses  of  the  Silhet  and  Malahar  forests,  arhorescent  ferns 
and  orchidaceous  plants  are  found  in  a  profusion  scarcely  surpassed 
even  in  the  islands  of  the  Indian  archipelago.  The  Kh.asya  Moun- 
tains, S.  of  Assam,  at  the  eastprn  extremity  of  Bengal,  present  one 
of  the  most  varied  and  luxuriant  vegetations  on  the  globe. 

The  native  fruits  of  India  are  many :  the  orange  tribe  is  almost 
exclusively  of  Indian  origin,  though  some  of  the  species  are  now 
widely  spread  over  the  warmer  parts  of  the  four  continents.  The 
vine  o-rows  wild  in  the  forests  ;  plantain, banana,  mango,  date,  areca, 
palmyra,  and  cocoa  nut  palms  are  all  Indian.  The  Scitaminese, 
or  ginger  tribe,  are  so  numerous  that  they  form  a  distinguishing 
and  beautiful  feature  of  Indian  botany ;  they  produce  ginger, 
cardamoms,  and  turmeric.  The  flowera  peculiar  to  India  are 
brilliant  in  colour. 

Trees  of  the  fig  tribe  are  among  the  most  remarkable  vegetable 
productions  of  Iiidia  for  gigantic  size  and  peculiarity  of  form,  and 
thev  are  most  valuable  in  a  hot  climate  from  the  shade  which  their 
broad  spreading  to]DS  afford.    Some  throw  off"  shoots  from  their 
branches,  which  take  root  on  reaching  the  ground  and,  a^ter  m- 
ereasing  in  girth  with  wonderful  rapidity,  become  themselves  mde- 
pendent  trunks  ;  and  this  process  is  continued  till  a  forest  is  formed 
round  the  parent  tree.  Mr.  Reinwardt  saw  in  the  Island  of  Simao 
a  laro-e  wood  of  the  Ficus  Benjamini  which  sprang  from  one  stem. 
The  Ficus  Indicus,  or  banvan  tree,  is  another  instance  of  this  wide 
spreading  growth ;  there  is  a  tree  of  it  on  the  banks  of  the  Isar- 
bada  in  the  province  of  Guzerat,  witli  350  main  stems,  occupying 
an  area  of  2000  ft.  in  circumference,  independent  of  its  branches, 
which  extend  much  farther.  The  banana  is  a  generally  useful  tree 
in  India ;  its  ftuit  is  food,  its  leaves  are  applied  to  many  domestic 
mirposes,  and  flax  fit  for  making  muslin  is  obtained  from  its  stem. 
Cotton  is  a  hairv  covering  of  the  seeds  of  several  species  of  the 
'  mallow  tribe  which  grow  spontaneously  in  tropical  Asia,  Alriea, 
and  America  ;  it  i^  however,  cultivated  in  many  countries  beyond 
these  limits    That  grown  in  China  and  the  States  of  North  America 
s  an  herbaceous  Annual  from  18  inches  to  2  ft.  high  ;  the.e  are 
also  cotton  trees,  native  and  cultivated  in  India,  O^nna  Afnca 
™d  America.     Herodotus  mentions  cotton  garments  445  yeais 
B  c   and  the  Mexicans  and  Peruvians  manufactured  cotton  cloth 

of  tropical  regions,  are  nbuiidant  in  India,  in  forests,  m  groups,  and 
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in  sinofle  trees.  The  stems  of  some  are  of  gigantic,  size,  and  all  are 
beautiful,  varying  in  length  from  the  slender  Calamus,  130  ft. 
long,  to  the  Phoenrs  acaulis,  not  more  than  3  ft.  high.  DiiFei-ent 
species  yield  wine,  oil,  wax,  flour,  sugar,  thread,  and  rope ; 
weapons  and  utensils  are  made  of  their  stems  and  leaves ;  they 
serve  for  the  construction  of  houses  ;  the  cocoa  nut  palm  gives  food 
and  drink. 

Though  palms  in  general  are  very  limited  in  their  distribution, 
a  few  species  are  very  widely  spread  ;  for  example,  the  cocoa  nut 
palm  is  found  in  all  the  tropical  regions  of  the  globe,  where  it  has 
been  extensively  cultivated  from  its  usefulness.  Their  growth  in 
Ceylon  is  extremely  luxuriant.  In  parts  of  that  island,  on  the 
Malabar  and  Coromandel  coasts,  and  in  some  districts  of  Bsngal, 
the  Borassus  flabelliformis  supplies  its  place. 

The  Island  of  Ceylon,  which.may  be  regarded  as  the  southern-. 
most  extremity  of  the  Indian  peninsula,  is  very  mountainous,  and  in 
luxuriance  of  vegetable  productions  rivals  the  islands  of  the  Indian 
archipelago,  with  the  vegetation  of  which  its  own  has  the  strongest 
atEinty.  The  species  of  lam-el,  the  bark  of  which  is  cinnamon,  is. 
indigenous,  and  is  one  of  the  principal  sources  of  the  revenue  of 
Ceylon.  The  leaves  of  a  species  of  palm,  the  talipot,  are  of  enor- 
mous size,  and  are  applied  to  many  uses  by  the  Cingalese  :  in 
ancient  times  strips  of  the  leaf  were  written  upon  with  a  sharp 
style,  and  served  as  books.  The  sandal  wood  of  Ceylon  is  of  a 
different  species  from  that  of  the  South  Sea  Islands,  and  its  perfume 
more  esteemed.  The  mountains  produce- a  great  variety  of  beautifril 
woods  used  in  cabinet  work. 

§  3.  ilrabian  Vegetation. — The  third  division  of  the  tropical 
flora  of  Asia  is  the  Arabian,  which  differs  widely  fi-om  the  other 
two,  and  is  chiefly  marked  by  shrubs  yielding  balsams.  Oceans  of 
barren  sand  extend  to  the  S.,  from  Syria  through  the  greater  part 
of  Arabia,  varied  only  by  occasional  oases  in  those  parts  where  a. 
spring  of  water  has  reached  the  surface  ;  there  the  prevalent  vege- 
tation consists  of  grasses,  growing  under  the  shade  of  date' palms  • 
acacias  and  stunted  prickly  bushes'  appear  here  and  there  in  the 
sand.  There  is  verdure  on  the  mountains,  and  along  some  of  the 
coasts,  especially  in  the  province-  of  Yemen,  which  has  a  flora  of 
its  own.  Eight  species  of  figs,  three  species  of  amyris  or  balm  of 
Gilead,  opobalsamum  also  yielding  balsam,  and  the  kataf,  from 
which  myrrh  is  supposed  to  come,  are  found  in  Arabia.  Frank- 
mcense  is  said  to  be  the  produce  of  the  Boswellia  serrata ;  and  there 
are_  many  species  of  Acacia,  among  others  the  Acacia  arabica, 
which  produces  gum  arable.  The  chief  characteristics  of  the- 
Arabian  flora,  as  distinguishing  it  from  the  Indian  and  Persian 
are  many  species  and  genera  of  Abyssinian  plants,  among  which 
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are  found  stapelias  and  other  representatives  of  tlie  Cape  of  Good 
Hope  flora. 

Arabia  produces  coffee  wMch,  however,  is  not  indigenous,  but 
is  supposed  to  have  come  from  the  mountains  of  Abyssinia,  and  to 
have  its  name  from  the  province  of  Kafia,  where  it  is  said  to  form 
dense  thickets.    It  was  introduced  into  Arabia  at  the  end  of  the 
fifteenth  century,  and  grows  luxuriantly  in  Arabia  Felix,  where  the 
coffee  is  of  the  highest  flavour.    Most  of  that  now  used  is  the  pro- 
geny of  plants  raised  from  seed  brought  from  Mocha  to  the  Botanic 
Garden  at  Amsterdam  in  1690,  by  Van  Hoorn,  Governor  of  Batavia. 
A  plant  was  sent  to  Louis  XIV.,  in  1714,  by  the  magistrates  of 
Amsterdam— it  was  from  this  plant  that  the  first  coffee  plants  were 
introduced  in  1717  into  the  West  India  Islands.   A  year  afterwards 
the  Dutch  introduced  coffee  trees  into  Surinam,  whence  they  spread 
rapidly  over  the  warm  parts  of  America  and  the  West  India  Islands. 
Many  thousands  of  people  are  now  employed  in  its  cultivation 
there,  in  Demerara,  Java,  MauiUa,  the  Isle  of  Bourbon,  and  other 
places.    Coffee  was  not  known  till  many  centuries  after  the  mtro- 
duction  of  sugar.    The  first  coffee  house  was  opened  in  London  m 
1652,  and  the  first  in  France,  at  Marseilles,  1671. 


CHAPTER  XXVIII. 
VEGETATION — continued. 

S  1  African  riora.-The  N.  coast  of  Africa,  and  the  range 
of  the  Atlas  generally,  maybe  regarded  as  a  zone  of  _  transition, 
where  the  plants  of  S.  Eiuope  and  tropical  Africa  are  mingled  with 
those  peculiar  to  the  country.  The  majority  of  the  plant,  of  K 
Africa  are  also  found  in  the  other  countries  on  the  shores  of  the 
Mediterranean.  There  are  about  six  times  as  mmj  h^rbacemis 
plants  as  there  are  trees  and  shrubs  ;  and  in  the  Atlas  Mountams, 
as  in  other  chains,  the  perennial  plants  are  much  more  numerous 
than  annuals.  Evergreens  predominate,  and  are  the  same  as  those 
on  the  other  shores  of  the  Mediterranean.  The  pome^anate,  the 
locust  tree,  the  oleander,  and  the  palmetto  abound ;  and  the  cistus 
tribe  give  a  peculiar  character  to  the  flora.  The  sandarach,  or 
Slltri  articulata,  peculiar  to  the  N.  side  of  the  Atlas  Mountams 
and  to  Oyrenaica,  yields  close  gramed  hard  timber,  used  for  the 
cemnl  of^mosques.  The  Atlas  produces  seven  or  eight  species  of 
oaK  and  various  pines,  especially  the  Pin  us  maritima  ;  and  forests 
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of  tlie  Aleppo  pine  are  found  in  Algeria.  Tlie  sweet  scented 
artorescent  heath  and  Erica  scoparia  are  native  here,  also  in  the 
Canary  Islands  and  the  Azores.  The  Pinus  canariensis  is  peculiar, 
and  also  the  Dractena  draco,  which  grows  in  perfection  here.  TJie 
stem  of  the  great  dracasna  mentioned  by  Humboldt,  at  the  Villa 
Orotava  in  Teneyiffe,  measures  46  ft.  in  circumference  at  the  base  of 
the  tree,  which  is  75  ft.  high.  Though  the  group  of  the  Canaries 
has  plants  in  common  with  Spain,  Portugal,  Africa,  and  the 
Azores,  yet  there  are  many  species,  and  even  genera,  which  are 
foimd  in  them  only ;  and  the  height  of  the  moimtains  causes  much 
variety  in  the  vegetation. 

On  the  continent  S.  of  the  Atlas  a  great  change  of  soil  and 
climate  takes  place ;  the  drought  on  the  borders  of  the  desert  is  so 
excessive  that  no  trees  can  resist  it ;  rain  hardly  ever  falls,  and  the 
scorching  blasts  from  the  S.  speedily  dry  up  any  moistm-e  that  may 
exist ;  at  the  base  of  the  mountains,  however,  the  date  palm  forms 
large  forests,  which  supply  the  inhabitants  with  food,  and  give 
shelter  to  crops  which  coidd  not  otherwise  grow.  The  date  palm, 
each  tree  of  which  yields  from  150  to  160  pounds  weight  of  fruit, 
grows  naturally  and  is  also  cultivated  through  northern  Africa.^ 
It  has  been  carried  to  the  Canary  Islands,  Arabia,  the  Persian  Gulf, 
and  to  Nice.  Stunted  plants  are  the  only  produce  of  the  desert,  yet 
large  tracts  are  covered  with  the  Pennisetum  dichotomum,  a  harsh 
grass  which,  together  with  the  Alhagi  mam'orum,  is  a  great  source 
of  the  food  of  camels. 

The  commoner  plants  of  Egypt  are  acacias,  cassias,  tamarisks, 
Nymphsea  lotus,  and  ceerulea ;  also  the  zizyphus  or  jujube,  and 
various  mesembryanthemums.  The  date  palm  is  found  higher  up 
the  Nile  than  Thebes ;  it  afterwards  gives  place  to  the  dom  palm, 
or  Crucifera  Thebaica,  peculiar  to  this  district,  and  singular  as 
being  one  of  the  few  palms  that  have  a  branched  stem. 

The  vegetation  of  Avestern  tropical  Africa  is  best  known  along 
the  coast,  where  some  affinity  with  that  of  India  may  be  observed. 
It  presents  a  remarkable  uniformity,  not  only  in  orders  and  genera, 
but  even  in  species,  from  16°  N.  lat.  to  the  River  Congo  in  6°  S.  lat. 
The  most  prevalent  orders  are  the  grasses  and  Leguminosae,  the 
Oyperacese,  Paibiacese,  and  Compositee.  The  Adansonia,  or  baobab 
of  Senegal,  is  one  of  the  most  extraordinary  vegetable  productions  ; 
the  stem  is.  sometimes  34  ft.  in  diameter,  though  the  tree  is  rarely 
more  than  50  or  60  ft.  high ;  it  covers  the  plains  so  entirely  with 


1  The  best  dates  are  those  grown  near  Tozzer  in  the  Bclcd  el  Jericl,  in 
lat.  34°  N.,  a  region  which,  like  that  of  Jericho,  once  celebrated  for  its 
dates,  has  an  extremely  warm  climate,  supposed  to  be  owing  to  its  deprep- 
sion  below  the  sea  level. 
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its  umbrella  shaped  top  that  a  forest  of  these  trees  preeents  a 
compact  surface  which  at  some  distance  seems  to  be  a  green  held. 
Cape  Verd  has  its  name  from  the  numbers  that  conceal  the  barren 
so^l  under  their  spreading  tops  ;  some  of  them  from  their  size  were 
supposed  to  be  the  most  ancient  vegetable  inhabitants  of  the  earth ; 
but  their  wood  is  so  soft  that  this  is  very  improbable.  The  Pan- 
danus  candelabrum,  instead  of  growing  crowded  together  in  masses 
like  the  baobab,  stands  solitary  on  the  equatorial  plains,  with  its 
lofty  forked  branches  ending  in  tufts  of  long  stiff  leaves.  Numerous 
sedges  give  a  character  to  this  region  and  along  with  the  grasses 
cover  boundless  plains,  waving  in  the  wind  like  corn  fields,  while 
other  places  are  overgrown  by  forests  of  more  gigantic  grasses  with 
branching  stems. 

Impenetrable  thickets  of  mangrove  cover  the  deltas  of  the  rivers, 
and  even  grow  so  far  into  the  water  that  their  trunks  are  coated 
with  shell  fish ;  but  the  pestilential  exhalations  render  it  almost 
certain  death  to  botanise  amid  tliis  luxuriance  of  natui-e. 

Various  trees  of  the  Sapota  order  are  peculiar  to  Africa ;  the 
butter  tree  of  the  enterprising  but  imfortunate  Mimgo  Park,  the  star 
apple,  the  cream  fruit,  the  custard  apple,  and  the  w^ater  vine,  are 
plentiful  in  Senegal  and  Sierra  Leone.  The  safu  and  bread  fruit  of 
Polynesia  are  represented  here  by  the  musanga,  a  large  tree  of  tlie 
nettle  tribe,  the  fruit  of  which  has  the  flavour  of  the  hazel  nut.  A 
few  palms  have  very  local  habitations,  as  the  Elais  guineensis,  or 
palm  oil  plant,  found  only  on  the  coast.  That  gracefiU  tribe  is  less 
varied  in  species  in  equatorial  Africa  than  in  the  other  ti'opical 
coninents. 

The  flora  of  South  Africa  is  characterised  by  extensive  minia- 
ture woods  of  heaths  of  which  no  less  than  600  species  are  known. 
Some  of  these  are  from  12  to  15  ft.  high  and  flower  copiously 
throughout  the  greater  part  of  the  year.  It  includes  also  some 
stunted  shrubs,  succulent  plants,  and  mimosas,  along  the  margm  of 
the  river  courses ;  after  the  rains  vegetation  is  suddenly  recalled 
to  life,  and  in  a  short  time  the  country  is  decked  with  a  beau- 
tiful and  peculiar  flora.  The  Leucodendron  argenteiuu,  or  silver 
tree,  which  forms  groves  at  the  back  of  Table  Mountain,  is  con- 
fined to  the  peninsula  of  the  Oape.  The  beautiful  Disa  gran- 
diflora  is  found  only  in  one  particular  spot  on  the'  top  of  Table 
Mountain. 

The  dry  sand  of  the  W.  coast  and  the  country  northward, 
through  many  degrees  of  latitude,  is  the  habitat  of  stapelias,  suc- 
culent plants  with  leafless  stems,  and  flowers  like  star  fish,  with 
the  smell  of  carrion.  A  great  portion  of  the  E.  frontier  of  the 
Oape  colony  and  the  adjacent  districts  is  covered  with  extensive 
thickets  of  a  strong  succulent  and  thorny  vegetation  called  by  the 
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natives  'the  bush: '  similar  thickets  occur  again  far  to  the  W.,  on 
the  banks  of  the  Guaritz.  The  most  common  plants  of  the  bush 
are  aloes  of  many  species,  all  exceedingly  fleshy  and  some  beautiful : 
the  great  red  flowering  arborescent  aloe,  and  some  others,  make 
a  conspicuous  figure  in  the  E.  part  of  the  colony.  Other  cha- 
racteristic plants  of  the  eastern  districts  are  the  spek  boem,  or 
Portulaca  afra,  Schottia  speciosa,  and  the  great  succulent  euphor- 
bias, which  grow  into  real  trees  40  ft.  high,  branching  like  a  can- 
delabrum, entirely  leafless,  prickly,  and  with  a  very  acrid  milky 
juice.  The  Euphorbia  meloformis,  3  ft.  in  diameter,  lies  on  the 
ground,  to  which  it  is  attached  by  slender  fibrous  roots,  and  is 
confined  to  the  mountains  of  Crraaf  Reynet.  The  succulent 
euphorbias,  in  the  Old  World,  represent  the  Cactus  tribe,  which 
belong  exclusively  to  the  New.  Oycadese,  having  the  appearance 
of  dwarf  palms  without  any  real  similarity  of  structure,  belong  to 
the  eastern  districts,  especially  to  the  great  tract  of  bush  on  the 
Oafiir  frontier. 

Various  species  of  Acacia  are  indigenous  and  much  circum- 
scribed in  their  location :  the  Acacia  horrida,  or  white  thorned 
acacia,  is  very  common  in  the  eastern  districts  and  in  Oaffirland. 
The  Acacia  cafra  is  strictly  eastern,  growing  along  the  margins  of 
rivers,  to  which  it  is  a  great  ornament.  The  Acacia  detinens,  or 
hook  thorn,  is  almost  peculiar  to  the  Zand  valley. 

It  appears  from  the  instances  mentioned  that  the  vegetation  of 
the  E.  districts  of  the  colony  diflers  from  that  of  the  W.,  yet 
many  plants  of  orders  and  genera  found  only  in  this  part  of  Africa 
are  generally  diftused  : — Nearly  all  the  300  species  of  the  fleshy 
succulent  tribe  of  Mesembryanthemum,  or  Hottentot's  fig  •,  a  great 
many  beautiful  species  of  the  Oxalis,  or  wood  sorrel  tribe ;  every 
species  of  Gladiolus,  with  the  exception  of  that  in  the  corn  fields  of 
Italy  and  France  ;  ixias  innumerable,  one  with  petals  of  apple  green 
colour  ;  geraniums,  especially  the  genus  Pelargonium,  or  stork's  bill, 
almost  pecidiar  to  this  locality  ;  many  varieties  of  Gnaphalium  and 
Xeranthemum;  the  brilliant  Strelitzia;  133  species  of  the  house- 
leek  tribe,  all  fleshy,  attached  to  the  soil  by  a  strong  wiry  root,  and 
nourished  more  or  less  from  the  atmosphere :  Diosmas  are  widely 
scattered  in  great  variety ;  shrubby  Boraginese  with  flowers  of  vivid 
colours,  and  terrestrial  Orchideie  with  large  and  showy  blossoms. 
The  leguminous  plants  and  the  Oruciferse  of  the  Oape  are  peculiar ; 
indeed  all  the  vegetation  has  a  distinct  character,  and  both  genera 
and  species  are  confined  within  narrower  limits  than  is  usual  any- 
where else,  without  any  apparent  cause  to  account  for  a  dispersion 
so  arbitrary. 

Notwithstanding  the  peculiarity  of  character  with  which  the 
botany  of  the  Cape  is  so  distinctly  marked,  it  is  connected  with 
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that  of  very  remote  countries  by  particular  plants.  The  affinity 
with  Australia  is  great :  in  portions  of  the  two  countries  in  the 
same  latitude  there  are  several  genera  identical :  Proteacete  and 
Eestiacese  are  ahmidant  in  both,  and  comparatively  very  rare  else- 
where. Irideas,  Leguminosse,  Diosmeae,  and  some  others,  are  also 
most  characteristic  of  both  floras. 

The  vegetation  of  Madagascar,  though  similar  in  many  respects  • 
to  the  floras  of  India  and  Africa,  nevertheless  has  great  peculiarity. 
The  Hydrogeton  fenestralis,  or  lattice  leaf,  a  singidar  aquatic  plant, 
with  leaves  like  the  skeletons  of  leaves,  having  no  green  substance 
between  the  veins ;  and  the  Tanghinia  veneniflua,  which  produces 
a  poison  so  deadly  that  its  seed^  are  used  to  execute  criminals,  are 
natives  of  this  coimtry. 

Some  genera  and  species  are  common  and  peculiar  to  Madagascar, 
the  Isle  of  Bourbon,  and  Mauritius.  The  three  islands  are  rich  in 
ferns.  The  Pandanus,  or  screw  pine  genus,  abounds  in  Bourbon 
and  the  Mauritius,  where  it  covers  sandy  plains,  sending  ofi"  strong 
aerial  roots  from  the  stem,  which  strike  into  the  ground  and  enable 
the  plant  to  resist  the  violent  winds. 

Eight  or  ten  degrees  N.  of  Madagascar  lies  the  group  of  the 
Seychelles  Islands,  in  one  of  which  are  groves  of  the  peculiar  palm, 
which  bears  the  double  cocoa  nut,  or  coco  de  mer,  the  growth  of  this 
island  only.  Its  gigantic  leaves  are  employed  in  the  construction  of 
bouses,  and  other  parts  of  the  plant  are  applied  to  various  domestic 
purposes. 

§  2.  Flora  of  Australia. — The  flora  of  the  Australian  con- 
tinent is  of  a  strange  and  unexampled  character.  Several  entire 
orders  of  plants  are  known  only  in  Australia,  and  the  genera  and 
species  of  families  that  grow  elsewhere  here  assume  new  and  sin- 
gular forms.  Persistent-leaved  trees,  with  hard  narrow  leaves  of  a 
sombre,  uielancholy  hue,  are  prevalent,  and  there  are  whole  shadow- 
less forests  of  leafless  trees ;  the  foot  stalks  of  the  leaves,  dilated 
and  set  edgewise  on  the  stem,  supply  their  place,  aud  perform  the 
funptions  of  nutrition ;  tlieir  altered  position  gives  them  a  singular 
appearance.  Plants  in  other  countries  have  glands  on  the  under 
side  of  the  leaves,  but  in  Australia  there  are  glands  on  both  sides 
of  these  substitutes  for  leaves,  and  the  changes  of  the  seasons  have 
no  influence  on  the  unvarying  olive  green  of  the  AustraUan  forests ; 
even  the  grasses  are  to  a  great  extent  distinguished  from  those  of 
other  countries  by  a  remarkable  rigidity.  These  features  are  very 
much  raodifled  along  the  N.  coast,  which  presents  a  less  sombre 
character ;  but  still  the  contrast  of  vegetation  on  the  S.  side  of 
Torres  Strait  with  the  luxuriant  jungle-clad  shores  of  New  Guinea, 
where  deep  and  dark  forests  are  rich  in  more  than  the  usual  tro- 
pical exuberance,  is  very  great  indeed.     Mangrove  swamps  are 
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found  at  the  mouths  of  thfe  rivers  which  flow  into  the  Gulf  of 
Carpentaria. 

The  peculiarly  Australian  vegetation  is  found  in  the  S.  part 
of  the  continent  distributed  in  distinct  foci  in  the  same  latitude — a 
circumstance  of  which  the  Proteacese  afford  a  remarkable  instance. 
Nearly  one  half  of  the  Imown  species  of  this  remarkable  order 
grow  in  the  parallel  of  Port  Jackson,  from  which  they  decrease  in 
number  both  to  the  S.  and  the  N. ;  and  the  species  of  the  S.W. 
quarter  of  the  continent  are,  without  an  exception,  different  from 
those  of  the  eastern. 

The  myrtle  tribe  form  a  conspicuous  feature  in  Australian 
vegetation,  particularly  the  genera  Eucalyptus,  Metrosideros,  Lep- 
tospermum,  and  others,  some  bearing  splendid  blossoms — white, 
purple,  yellow,  and  crimson  :  100  species  of  the  Eucalypti,  most  of 
them  large  trees,  grow  in  Australia,  many  of  them  forming  ex- 
tensive forests.  The  leafless  acacias,  of  which  there  are  93  species, 
are  prominent  features  in  the  Australian  landscape.  The  genus 
Oasuariua,  with  its  strange  jointed  drooping  branches,  holds  a 
conspicuous  place  ;  it  is  chiefly  confined  to  the  principal  parallel  of 
this  vegetation,  and  produces  excellent  timber  ;  it  grows  also  in 
the  Malayan  peninsula  and  the  South  Sea  Islands.  The  Epacridese, 
with  scarlet,  rose,  and  white  blossoms,  supply  the  place  of,  and 
very  much  resemble,  the  true  heaths,  which  do  not  exist  here  ;  the 
purple-flowering  Tremandrese ;  the  yellow-flowering  Dilleniacese  ; 
the  Doryanthes  excelsa,  the  most  splendid  of  the  lily  tribe,  24  feet 
high,  with  a  head  of  brilliant  crimson  blossoms,  are  all  character- 
ristic  plants. 

There  is  a  change  on  the  N.E  coast  of  Australia.  The  Casta- 
nospermum  australe  is  so  plentifid.  that  it  furnishes  the  principal 
food  of  the  natives ;  a  caper  tree  of  grotesque  form,  having  the 
colossal  dimensions  of  the  Senegal  baobab,  and  extraordinary  trees 
of  the  fig  genus,  characterise  this  region.  It  sometimes  occurs 
here,  as  in  other  tropical  countries,  that  the  seeds  of  these  fig  trees 
are  deposited  by  birds  on  the  branches  of  trees,  that  they  vegetate 
and  enclose  the  trunk  entirely  with  their  roots,  sending  up  enor- 
mous lateral  branches,  which  so  completely  envelop  the  tree,  that 
at  last  its  top  alone  is  visible  in  the  centre  of  the  fig  tree.  The 
Pandanus  genus  flourishes  both  inland  and  within  the  influence  of 
the  sea  air.  There  are  several  species  of  palms,  equally  local  in 
their  habitations  as  elsewhere,  not  one  of  which  grows  on  the  W. 
side  of  the  continent.  The  Araucaria  Ounninghamii  produces  the 
best  timber  of  any  tree  in  this  part  of  Australia, 

The  S.W.  districts  of  Australia  exhibit  another  focus  of  vege- 
tation, less  rich  in  species  than  that  of  Pert  Jackson,  but  even 
more  peculiar.    The  Kingia  australis  rises  solitary  on  the  sandy 
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plains,  with  tufts  of  long  grassy  leaves  at  the  extremities  of  the 
bare  trunks,  which  are  blackened  as  if  scathed  by  lightning,  but  in 
reality  by  the  hres  of  the  natives;  Banksias  are  numerous;  the 
Stylidium,  whose  blossoms  are  even  more  irritable  than  the  leaves 
of  the  sensitive  mimosa,  and  plants  with  dry,  everlasting  blossoms, 
characterise  the  flora  of  these  districts.  The  gi-eater  part  of  the 
S.  vegetation  vanishes  on  the  northern  coasts  of  the  continent,  and 
what  remains  is  mingled  with  the  cabbage  palm,  various  species 
of  the  nutmeg  tribe,  sandal  wood,  and  other  JNIalayan  forms — a 
circumstance  that  may  hereafter  be  of  importance  to  oar  colonists. 
During  Mr.  Gregory's  expedition  in  Western  Austi-alia  he  met 
with  a  very  beautiful  convolvulus,  with  numerous  flowers  from 
2  to  3  inches  in  diameter,  of  a  dark  lilac  deepening  into  a  rich 
purple  in  the  centre.  It  bears  roots  like  a  sweet  potato,  seme  of 
them  more  than  a  pound  in  weight  and  well  flavoured,  and  forms 
an  important  article  of  food  to  the  natives  and  if  cidtivated,  it  will 
be  considered  a  valuable  acquisition.  A  rock  melon  with  fruit 
about  the  size  of  a  pigeon's  egg  was  met  with  also  in  great  abim- 
dance. 

Orchidise,  chiefly  terrestrial,  are  in  great  variety  in  the  extra- 
tropical  regions  of  Australia.  Heeds  of  gigantic  size  form  forests 
in  the  marshes,  and  the  kangaroo-grass  covers  the  plains. 

Beautiful  and  varied  as  the  flora  of  Australia  is,  it  is  by  no 
means  luxuriant.  There  is  little  appearance  of  verdure,  the  fohage 
is  poor,  the  forests  often  shadeless,  and  the  grass  thin ;  always  ex- 
cepting valleys  of  the  E.  mountains,  and  even  on  some  parts  of 
the  plains,  where  the  vegetation  is  vigorous. 

The  flora  of  Tasmania  is  almost  identical  with  that  of  S.E. 
Australia,  especially  the  mountains  of  the  Victoria  colony.  The 
plains  glow  with  the  warm  golden  flowers  of  the  silver  wattle,  an 
acacia,  the  emblem  of  the  island.  Two  tree  ferns  grow  in  this 
country ;  of  which  one  rises  40  ft.  to  the  base  of  the  fronds,  which 
spread  into  an  elegant  top,  producing  a  shadow  gloomy  as  night- 
fall ;  and  there  are  also  numerous  species  of  OrchidefB. 

The  botany  of  Neio  Zealand  appears  to  be  alhed  to  that  of 
Australia,  South  America,  and  the  Paciflc  Islands.  Noble  trees 
form  impenetrable  forests,  60  of  which  yield  timber,  and  many  are 
of  kinds  to  which  we  have  nothing  similar.  Here  there  are  no 
representatives  of  our  oak,  birch,  or  willow,  but  five  species  of 
beech  and  ten  of  Coniferte  have  been  discovered  that  are  peculiar 
to  the  coimtry.  The  Kauri  pine,  or  Dammara  australis,  is  found 
only  in  the  North  Island,  where  it  grows  in  hilly  situations, 
shooting  up  with  a  clean  stem  00  or  00  ft.,  sometimes  10  ft.  in 
diameter,  and  a  spreading  but  thin  top  :  it  generally  has  a  quantity 
of  transparent  yellow  resiu  imbedded  at  its  base.    This  flue  tree 
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does  not  grow  beyond  38°  S.  M.  The  Metrosideros  tomentosa, 
■with  rich  crimson  blossoms,  is  one  of  the  greatest  ornaments  of  the 
coasts;  and  other  species  of  the  genus  abound  in  the  forests. 
One  palm  only  inhabits  New  Zealand,  the  Areca  sapida.  This 
country  is  probably  the  S.  limit  of  the  orchidaceous  plants  that 
grow  on  trees.  Before  New  Zealand  was  colonised,  the  natives 
used  the  roots  of  the  edible  fern,  Pteris  esculenta,  with  which 
some  parts  of  the  country  is  densely  covered.  More  than  120 
species  of  fern  are  natives  of  these  islands,  some  of  which  are 
arborescent  and  40  ft.  high ;  the  country  also  produces  the  New 
Zealand  flax,  Phormium  tenax,  which  grows  abimdantly  both  on 
the  mountains  and  plains. 

In  Norfolk  Island  162  species  of  plants  are  already  known. 
The  Cape  gooseberry  or  Physalis  edulis,  the  guava  tree,  and  lemon 
ti-ees,  are  introduced ;  also  the  bread  fruit  tree,  which  blossoms, 
but  does  not  bear  fruit.  The  Araucaria  excelsa  and  some  palms 
are  indigenous,  and  there  are  three  times  as  many  ferns  as  of  all 
the  other  plants  together. 

§  3.  Flora  of  Polynesia. — The  multitude  of  islands  of  Poly- 
nesia constitute  a  botanical  region  apart  from  all  others.  The  cocoa 
nut  palm  and  the  pandanus  are  common  to  all,  but  the  latter 
thrives  only  when  exposed  to  the  sea  air.  This  archipelago  pro- 
duces Tacca  pinuatitida,  which  yields  arrowroot ;  the  Morus  papy- 
rifera,  the  bark  of  which  is  manufactured  into  paper ;  and  one  of 
the  Arum  tribe,  from  which  an  intoxicating  liquor  is  made.  Fitty 
varieties  of  the  bread  frmt  tree  are  indigenous,  which  produce 
three  or  four  crops  annually.  It  is  most  abimdant  in  the  Friendly, 
Society,  and  Caroline  groups,  whence  it  has  been  taken  to  America, 
where  it  thrives  in  very  low  latitudes. 

The  Sandwich  group  is  peculiar  for  the  number  of  Lobelias  ; 
while  the  coral  islauds,  with  a  flora  which  is  entirely  borrowed, 
rarely  have  two  species  belonging  to  the  same  genus ;  the  fragrant 
Suriana  and  sweet-scented  Tournefortia  are  among  their  scanty 
vegetation. 

The  2  species  of  banana  trees  which  are  natives  of  southern 
Asia,  were  introduced  at  an  unknown  and  probably  early  period 
into  the  Polynesian  islands,  and  all  tropical  countries  in  the  eastern 
and  western  hemispheres.  Syria  is  their  N.  limit,  where  the  Musa 
paradisiaca  grows  to  34°  N".  lat.  ''The  sweet  fruit  of  these  trees 
produces,  on  the  same  extent  of  ground,  44  times  as  much  nutri- 
ment as  the  potato,  and  133  times  more  than  wheat. 

St.  Helena,  Mauritius,  the  Sandwich  group.  New  Zealand,  Juan 
Fernandez,  and  above  aU  the  Galapagos  Islands,  are  more  peculiar 
in  their  floras  than  any  other  tracts  of  their  size.  The  Galapagos 
archipelago  consists  of  10  principal  islands  lying  immediately  under 
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the  equator,  600  m.  from  the  coast  of  America.  They  are  entirely- 
volcanic,  and  contain  2000  extinct  craters.  The  vegetation  is  so 
peculiar  that,  of  185  species  of  flowering  plants  which  have  been 
collected,  100  are  found  nowhere  else  ;  of  21  species  of  Oompositaj 
all  but  one  are  indigenous  and  belong  to  12  genera,  10  of  which  are 
exclusively  confined  to  these  islands. 

This  flora  has  no  analogy  with  that  of  Polynesia,  but  it  has  an 
undoubted  W.  American  character.  The  plants  peculiar  to  the 
Galapagos  Islands  are  for  the  most  part  allied  to  those  on  the 
cooler  part  of  the  continent  or  on  high  lands,  while  the  others  are 
the  same  with  those  that  abound  in  the  hot,  damp,  intertropical 
regions  of  the  continent.  The  greatest  number  of  peculiar  plants 
gTow  on  the  tops  of  the  islands  where  the  sea  vapour  is  condensed, 
and  many  of  them  are  confined  to  some  one  islet  of  the  group. 
Thoug'h  this  flora  is  singular  it  is  poor  compared  with  that  of  the 
Sandwich  group,  or  the  Oape  De  Verd  Islands. 


CHAPTER  XXIX. 
VEGETATION — Continued. 

§  1.  Flora  of  Worth  America. — From  similarity  of  physical 
circumstances  the  Arctic  flora  of  America  bears  a  strong  resem- 
blance to  that  of  the  N.  regions  of  Europe  and  Asia.  This  bo- 
tanical district  comprises  Greenland,  and  extends  considerably  to 
the  S.  of  the  Arctic  Circle,  especially  at  the  E.  and  W.  ends  of 
the  continent,  where  it  reaches  60°  N.  lat.,  and  even  more ;  it  is 
continued  along  the  tops  of  the  Rocky  Mountains  almost  to  Mexico, 
and  it  re-appears  on  the  White  Mountains  and  a  few  other  parts  of 
the  Alleghanies. 

Greenland  has  a  much  more  Arctic  flora  than  Iceland ;  the 
valleys  present  numerous  mosses  and  marsh  plants,  the  gloomy 
rocks  are  sprinkled  with  sombre  lichens,  and  the  grasses  on  the 
pastm'e  grounds  that  line  the  fiords  are  nearly  four  times  less  varied 
than  those  of  Iceland.  In  some  sheltered  spots  the  service  tree 
bears  fruit,  and  birches  grow  to  the  height  of  a  few  feet;  but 
ligneous  plants  in  general  trail  on  the  ground. 

Although  the  Arctic  flora  of  America  has  much  the  same 
character  as  that  of  ISmope  and  Asia,  most  of  the  species  being 
common  to  all,  there  is  yet  a  difference  in  the  vegetation  at  the 
two  extremities  of  the  continents.  The  sameness  of  character 
changes  with  the  barren  treeless  lands  at  the  verge  of  the  Arctic 
region,  where  the  distribution  of  plants  varies  both  with  the  lati- 
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tude  and  the  longitude.  Talring  a  broad  view  of  the  botanical 
districts  of  North  America,  there  are  two  woody  regions,  one  on 
the  E.,  the  other  on  the  W.  side  of  the  continent,  separated  by  a 
region  of  prairies  where  grasses  and  herbaceous  plants  predominate. 
The  vegetation  of  these  three  parts,  so  dissimilar,  varies  with  the 
latitude,  but  not  after  the  same  law  as  in  Europe,  for  the  winter  is 
much  colder  and  the  summer  warmer  on  the  E.  coasts  of  America 
than  on  the  W.  shores  of  Europe,  owing  in  a  great  measure  to  the 
prevalence  of  W.  winds  which  bring  cold  and  damp  to  our  shores. 

Boimdless  forests  of  black  and  white  spruce,  with  an  imder- 
growth  of  reindeer  moss,  cover  the  country  S.  of  the  Arctic  region 
which  still  further  S.  are  afterwards  mixed  with  other  trees. 
There  are  vast  forests  in  Canada  of  pines,  oak,  ash,  hickory,  red 
beech,  birch,  the  lofty  Canadian  poplar,  sometimes  100  ft.  high 
and  36  ft.  in  circumference,  and  sugar  maple ;  the  prevailing  shrubs 
are  Kahnias,  Azaleas,  and  Asters,  the  former  vernal,  the  latter 
autumnal ;  solidagos  and  asters  are  the  most  characteristic  plants 
of  this  region. 

The  splendour  of  the  North  American  flora  is  displayed  in  the 
E.  States ;  the  American  sycamore,  chestnut,  black  walnut, 
hickory,  white  cedar,  wild  cherry,  red  birch,  locust  tree,  tulip  tree, 
or  Liriodendron,  the  glory  of  Ajoierican  forests,  liquidambar,  oak, 
ash,  pine  trees  of  many  species,  grow  luxuriantly,  with  an  under- 
growth of  Rhododendrons,  Azaleas,  Andromedas,  Gerardias,  Oaly- 
canthus,  Hydrangea,  and  many  more  of  woody  texture,  with  an 
infinite  variety  of  herbaceous  and  climbing  plants. 

The  vegetation  is  different  on  the  two  sides  of  the  Alleghany 
Mountains  ;  the  Locust  tree,  Canadian  poplar.  Hibiscus,  and  Hy- 
drangea, are  most  common  on  the  W.  side ;  the  Ajnerican  chestnut 
and  Kalmias  are  so  numerous  on  the  Atlantic  side  as  to  give  a 
distinctive  character  to  the  flora :  here,  too,  aquatic  plants  are  more 
frequent:  among  these  is  the  Sarracenia  or  side-saddle  flower, 
singular  in  form,  with  leaves  like  pitchers  covered  with  a  lid,  half 
full  of  water. 

The  autumnal  tints  of  the  forests  in  the  States  are  beautiful  and 
of  endless  variety ;  the  dark  leaves  of  the  evergreen  pine,  the  red 
foliage  of  the  maple,  the  yellow  beech,  the  scarlet  oak,  and  purple 
Nyassa,  with  all  their  intermediate  tints,  ever  changing  with  the 
light  and  distance,  produce  an  dffect  at  sunset  that  would  astonish 
the  native  of  a  country  accustomed  to  a  more  sober  coloured  flora 
under  a  more  cloudy  sky. 

In  Virginia,  Kentucky,  and  the  S.  States  the  vegetation 
assumes  a  different  aspect,  though  many  plants  of  more  northern 
districts  are  mixed  with  it.  Trees  and  shrubs  here  are  remarkable 
for  broad  shining  leaves  and  splendid  blossoms,  as  the  Gleditschia, 
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Oatalpa,  Hibiscus,  and  the  family  of  ]Ma»iiolias.  They  are  the 
distinguishing  feature  of  the  flora  from  Virginia  to  the  Gulf  of 
Mexico,  and  from  the  Atlantic  to  the  Rocky  Mountains :  the 
Magnolia  grandiflora  and  the  tulip  tree  are  the  most  splendid 
specimens  of  this  tribe  of  plants  ;  the  latter  is  often  120  ft.  high. 
The  long  leaved  pitch  pine,  one  of  the  most  picturesque  of  trees, 
covers  an  arid  soil  on  the  coast  of  the  Atlantic,  of  00,000  aq,  m. 
The  swamps  so  common  in  the  S.  States  are  clothed  with  the 
gigantic  deciduous  cypress,  the  aquatic  oak,  and  swamp  hickoiy, 
whilst  the  rare  and  magnificent  Nelumbium  luteum  and  other 
aquatics  grow  there  ;  and  among  the  innumerable  herbaceous  plants 
the  singular  Dionsea  muscipula,  or  American  fly  trap :  the  trap  is 
formed  by  two  opposite  lobes  of  the  leaf,  edged  with  spines,  and  so 
irritable  that  they  instantly  close  upon  the  insect  that  lights  on 
them.  This  Magnolia  region  corresponds  in  latitude  with  the  S. 
shores  of  the  Mediterranean,  but  the  climate  is  hotter  and  more 
humid,  in  consequence  of  which  there  is  a  considerable  number  of 
Mexican  plants.  A  few  dwarf  palms  appear  among  the  Magnolias, 
and  the  forests  in  Florida  and  Alabama  are  covered  with  Tillandsia 
usneoides,  an  air  plant  which  hangs  from  the  bousrhs. 

Manv  species  of  grass  cover  tlie  extensive  prairies  of  the  valley 
of  the  Mississippi.  The  forms  of  the  Tartarian  steppes  appear  to 
the  N.  in  the  Oentaureas,  Artemisias,  Astragali ;  but  many  more 
are  peculiar.  The  Helianthus  and  Coreopsis,  mixed  with  some 
European  genera,  mark  the  middle  regions ;  and  in  the  south, 
towards  the  Eocky  Mountains,  Olarkia  and  Bartonia  are  mixed 
with  the  IMexican  genera  of  Cactus  and  Yucca.  The  W.  forest  is 
less  extensive  and  less  varied  than  the  E.,  but  the  trees  are  larger. 
This  flora  in  high  elevations  is  but  little  known:  the  Thuja 
gigantea  on  the  Rocky  Mountains  and  the  coast  of  the  Pacific  is 
200  ft.  high.  Claytonias  and  cm-rants,  with  plants  of  N.  Asia, 
are  foimd  here. 

The  forests  of  British  Columbia  and  Vancouver's  Island  abound 
in  Coniferte,  the  red  and  yellow  cedar  and  pines.  The  birch, 
maple,  and  hazel  are  found  in  British  Columbia,  and  oaks  in  the 
S.  of  Vancouver's  Island.  The  wild  rose,  sweet  briar,  and  berry- 
bearing  bushes  are  numerous,  and  cranberries  are  so  abundant 
that  they  are  exported  to  San  Francisco.  Hemp  and  flax  grow 
"wild,  and  from  the  fibres  of  the  Urtica  Caunabina  the  Indians 
manufacture  twine,  rope,  and  nets.  The  coast  mountains  of  Cali- 
fornia have  piiie  valleys  in  which  the  burr  oak,  with  elm-like 
branches,  is  a  distinguishing  tree.  Oaks,  pines,  lam-els,  cypresses, 
the  madrona,  the  mazanita,  and  the  gigantic  redwood  are  found  on 
the  tops  of  the  hills  and  in  the  close  canons.  The  timber  of  the 
redwood  is  used  for  building.    The  forests  of  the  Sierra  Nevada 
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have  a  wide  variety  of  oaks,  pines,  firs,  cypresses,  and  cedars.  The 
sugar  pines  are  distinguished  by  huge  coues  hanging  all  over  their 
tops.  These  trees  are  sometimes  300  ft.  high,  and  8  or  10  ft.  in 
diameter ;  they  furnish  fine  timber. 

The  Pinus  Lambertiana  is  an  instance  of  the  stupendous  ti'ees 
of  the  W.  flora  ;  many  species  of  pine  are  indigenous  in  California, 
among  which  is  the  mammoth  tree,  or  Wellingtonia  (Sesquoia 
ffif/antea),  which  attains  from  200  to  300  and  even  325  ft.  in 
height,  and  100  ft.  in  girth,  and  some  plants  of  which  are  supposed 
to  be  2000  years  old.  The  mammoth  trees  are  scattered  among 
the  other  trees  of  the  forests  at  some  eight  different  places  along 
the  side  of  the  Sierra  Nevada,  at  elevations  of  from  4000  to  7000 
ft.,  and  within  a  distance  of  150  m.  S.  of  the  centre  of  the  state  of 
California.  None  have  been  found  out  of  this  line.  The  Calaveras 
grove  of  Big  Trees  is  the  most  northerly ;  the  Mariposa  gTove, 
containing  about  600  trees,  125  of  which  are  over  40  ft.  in  cir- 
cumference, and  several  from  90  to  100  ft.,  has  been  set  apart  to 
be  preserved  by  the  State.  '  The  bark  of  these  trees  is  of  a  light 
cinnamon  colour,  fluted  up  and  down  the  long,  straight,  slowly 
tapering  trunlr,  like  Corinthian  columns  in  architecture ;  the  top, 
resting  like  a  cap  upon  a  high  bare  mast,  is  a  perfect  cone ;  and 
the  evergreen  leaves  wear  a  bright  light  shade,  by  which  the  tree 
can  be  distinguished  from  afar  in  the  forest.  The  wood  is  a  deep 
rich  red  in  colour ;  the  bark  is  sometimes  as  much  as  20  inches 
thick.' '  This  is  the  native  soil  of  the  currant  bushes  with  red 
and  yellow  blossoms,  of  many  varieties  of  lupins,  psEonies,  esch- 
scholtzias,  and  other  herbaceous  plants  so  ornamental  in  our  gardens. 

Amongst  the  native  fruits  of  North  America  the  hiclvories  are 
the  most  celebrated,  and  there  are  many  of  these  ;  to  which  may  be 
added,  in  the  S.  States,  the  Chicasaw  plum,  the  papaw,  the 
banana,  tlie  red  mulberrv,  and  the  plumlike  fruit  of  the  persimon. 
There  are  several  species  of  wild  grapes,  of  which  one  produces 
an  excellent  wine,  and  is  largely  cultivated.  North  America  has 
contributed  much  to  the  ornament  of  our  pleasure  grounds  and 
gardens,  and  has  also  borrowed  largely  from  other  parts  of  the 
globe.  Tobacco,  Indian  corn,  and  many  other  plants  of  the  utmost 
commercial  value,  are  strangers  to  the  soil,  having  been  introduced 
by  the  earliest  inhabitants  from  Mexico  and  South  America. 

§  2.  Flora  of  Mexico  and  the  West  Indies. — Mexico  itself 
unites  the  vegetation  of  North  and  South  America,  though  it  re- 
sembles that  of  the  latter  most  nearly.  Whole  provinces  on  the 
table-land  and  mountains  produce  alpine  plants,  oaks,  chestnuts, 
and  pines  spontaneously. 
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The  low  lands  of  Mexico  and  Central  America  have  a  very  rich 
flora  consisting  of  many  plants  peculiar  to  them.  The  Hymenea 
Oourharil,  from  which  the  copal'  of  Mexico  is  obtained,  Logwood, 
Mahogany,  and  many  other  large  trees  valuable  for  their  tuuber, 
grow  in  the  forests ;  Sugar  Cane,  Tobacco,  Indigo,  American  aloe, 
Yam,  Oapsicimi,  and  Yucca  are  indigenous  in  Mexico  and  Central 
America.  It  abounds  in  species  of  the  Melastomas  and  PassiflorjB. 
The  Pine  Apple  is  entirely  American;  it  has  been  carried  to,  and 
naturalised  in,  all  the  tropical  countries  of  the  Old  World.  This 
country  also  produces  the  Cherimoya,  said  to  be  the  most  excellent 
of  fruits.  Much  of  the  Vanilla  which  is  used  in  Europe  comes  from 
the  states  of  Vera  Cruz  and  Oaxaca,  on  the  E.  slopes  of  the 
Cordillera  of  Anahuac  in  Mexico.  Hot  arid  tracts  are  covered  with 
the  Cactus  tribe.  They  are  social  plants,  inhabiting  sandy  plams 
in  thickets,  and  of  many  species :  theii-  forms  are  various  and  their 
blossoms  beautiful.  A  few  occur  at  a  considerable  distance  from 
the  tropics,  to  the  N.  and  the  S.  An  opuntia  grows  in  the 
Eochy  Mountains  ;  and  Sir  George  Back  found  a  small  island  in 
the  Lake  of  the  Woods  covered  with  it.  In  Mexico  the  cochineal 
insect  was  collected  from  the  Cactus  coccinellifer  long  before  the 
Spanish  conquest.  There  are  large  fields  of  American  aloe,  from 
which  a  fermented  liquor  called  pulque,  and  also  an  ardent  spirit, 
is  made.  The  ancient  Mexicads  made  their  hemp  from  this  plant, 
and  also  their  paper.  The  forests  of  Panama  contain  at  least 
97  ditferent  kinds  of  trees  which  grow  luxuriantly  iu  a  climate 
where  the  torrents  of  rain  are  so  favourable  to  vegetation,  and 
so  unfavourable  to  human  life,  that  the  tainted  air  is  deadly. 
Maize  or  Indian  corn  is  believed  to  have  come  originally  from 
Mexico  and  South  America.  It  is  an  annual,  requiring  only  summer 
heat ;  its  limit  is  50°  N.  in  the  American  continent,  and  47°  N.  in 
Europe ;  it  ripens  at  an  elevation  of  7600  ft.  in  low  latitudes,  and 
in  the  lower  Pyrenees  at  the  height  of  3289  ft.^  ' 

The  flora  of  West  India  is  characterised  by  the  prevalence  of 
ferns  and  orchids,  and  the  vegetation  is  allied  to  that  of  the  N. 
part  of  South  America  and  Mexico.  The  Myrtus  pimento,  pro- 
ducing allspice,  the  Custard  apple,  Guava,  AUigator  pear,  and 
Tobacco  are  indigenous.  . 

§  .3.  Flora  of  Tropical  America — The  flora  of  tropical 
America  is  so  varied  that  it  is  not  possible  to  convey  an  idea  of 
the  peculiarities  of  this  vegetation,  or  of  the  extent  and  richness  of 
its  woodlands.  The  upper  Orinoco  flows  for  some  hundreds  of 
miles  chiefly  thi-ough  forests;  and  the  forests  of  the  Amazons  are 


1  In  the  Island  of  Titicaca,  in  Peru-Bolivia,  Mr.  Pentland  has  seen  a 
variety  of  maize  ripen  as  high  as  12,493  ft. 
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six  times  the  size  of  France.  lu  these  the  trees  are  colossal,  and 
the  vegetation  so  matted  together  by  underwood,  creeping  and 
parasitical  plants,  that  the  sim's  rays  can  scarcely  penetrate  the 
dense  foliage. 

These  extensive  forests  are  by  no  means  uniform :  they  differ 
to  some  extent  on  each  side  of  the  equator,  though  climate  and 
other  circimistances  are  similar.  So  partial  is  this  splendid  veo-e- 
tation  that  each  of  the  great  rivers  has  many  species  peculiar  to 
its  banks;  particular  families  of  plants  predominate  where  they 
occur,  and  change  the  appearance  of  the  forest.  Thus,  from  the 
prevalence  of  the  orders  Lam-acese,  Sapotacete,  and  others,  which 
have  leathery,  shining,  and  entire  leaves,  the  forests  thi-ough  which 
the  Eio  Negi-o  and  Cassiquiare  flow,  differ  in  aspect  from  those  on 
the  other  affluents  of  the  Amazon.  Even  the  grassy  llanos  so 
Lmiform  in  appearance  have  theii-  centres  of  vegetation,  and  only 
agi-ee  with  the  pampas  of  Buenos  Ayres  in  being  covered  with 
grass  and  herbs. 

On  the  Andes,  almost  at  the  limit  of  vegetation,  the  ground  is 
covered  with  piu-ple,  azm-e,  and  scarlet  Gentians,  Drabas,  Alche- 
miUas,  and  many  other  brilliantly  colom-ed  alpine  plants'.  This 
zone  is  foUowed  by  thickets  of  coriaceous  leaved  plants,  in  perpetual 
bloom  and  verdure  ;  and  then  come  the  forest  trees.  Arborescent 
ferns  ascend  to  7000  ft. ;  the  Coffee  trees  and  Palms  to  6000-  and 
neither  Indigo  nor  Cacao  can  be  cultivated  higher  than  2000  '  The 
tree  yielding  cacao,  of  which  chocolate  is  made,  o-rows  wild  in 
Gmana,  Mexico,  in  the  inland  forests  of  Peru  and  Rjlivia  and  on 
the  coast  of  Venezuela;  it  is  now  cultivated  in  Central  and  South 
Americ^,  and  m  the  Philippine  Islands,  where  it  was  introduced 
by  the  Spaniards.  The  seeds  of  its  fruit,  which  is  like  a  cucimiber 
are  the  cacao  or  chocolate  bean.  ' 

Many  parts  of  the  coast  of  Venezaiela  and  Guiana  are  rendered 
pestilential  by  swamps  covered  with  mangroves.  The  weU  known 
poison  Ourari  or  Wourali  is  prepared  by  the  Indians  of  Guiana  from 
the  fruit  and  bark  of  the  Strychnos  toxicaria,  probably  the  moS 
.deaxi  y  plant  which  nature  has  produced.  It  is  a  creepi^o-  Znt 
which  yields  this  deadly  jmce,  the  powerful  effect  of  which  was 
hrst  proved  by  Mr.  Waterton's  experiments. 

The  Cinchona,  or  true  bai-k  tree,  consisting  of  several  sneoiV, 
IS  a  native  of  the  eastern  declivities  of  the  Andes-^  but  Id-  S 
direction  of  the  Dutc^govei^^  titnspJa" 

clivitiesofthe  Peru-Bolivian  Andes  -hich  furS     "pe  u^ian  w/^^^ 
commerce,  has  discovered  several  new  species  of  Cinchona  tho  t,  r.i  , 
of  which,  according  to  his  very  intereLng  monoSjh?  nt'toi:^^ 
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Java,  where  it  is  now  cultivated,  and  still  more  recently  by  Mr.  C. 
R.  Markham,  and  others  acting  under  the  orders  of  the  Oouncil  of 
India,  into  the  hilly  countries  of  southern  India,  also  into  Ourg, 
Mysore,  the  Bombay  Presidency,  and  into  the  neighbourhood  of 
Darjiling,  and  into  Jamaica.^  Some  of  its  medicinal  qualities  are 
found  in  other  plants  of  different  genera  in  Guiana,  astheOusparia, 
which  produces  the  Angostura  bark.  The  Sapindus  saponarius, 
or  soap  tree,  is  used  by  the  natives  for  washing.  Capsicum, 
Vanilla,  and  Cassava  or  mandioca,  are  natives  of  the  country. 
There  are  two  kinds  of  mandioca,  a  shrub  the  fleshy  roots  of  which 
yield  a  farina  eaten  by  the  natives  of  Spanish  America  and  Brazil : 
the  root  of  one  (called  Yuea  in  Peru)  is  harmless,  but  the  other 
{Manihot  utilissimd)  contains  a  poisonous  milky  juice,  the  effects  of 
which  are  removed  by  the  washing  or  pressure  of  the  pulp.  From 
the  starch  of  the  latter,  tapioca  is  prepared.  It  grows  to  about 
30°  on  each  side  of  the  equator,  and  to  3200  ft.  above  the  sea  level. 
An  acre  of  mandioca  is  said  to  yield  as  much  nourishment  as  6 
acres  of  wheat. 

The  Arrowroot  plant  {Maranta  Arundinacea)  is  a  native  of  the 
American  continent,  from  which  it  has  spread  to  most  tropical 
coimtries.  The  substance  (an  edible  starch,  obtained  from  the 
root  stock  of  the  Maranta  species)  owes  its  English  name  to  the 
belief  that  the  juice  of  the  Marantas  is  an  antidote  to  the  poison 
of  the  arrows  of  the  Indians.  The  Cow  tree,  almost  confined  to 
the  mountains  of  the  coast  of  Venezuela,  yields  an  abundance  of 
nutritious  millcy  juice  like  that  of  a  cow.  The  Theobromse,^  or 
cacao  treeS;  fruits  of  the  most  excellent  flavour,  and  plants  yielding 
balsam,  resin,  and  gum,  are  numerous  in  the  tropical  regions. 
There  the  Laurel  tribe  assiune  the  character  of  majestic  trees ;  some 
are  so  rich  in  oil,  that  it  gushes  from  a  wound  in  the  bark.  One 
of  these  laurels  produces  the  essential  oil  which  dissolves  caout- 
.  chouc,  or  Indian  rubber,  used  in  rendering  cloth  waterproof. 

Palms  are  the  most  numerous  and  the  most  beautiful  of  all  the 
trees  in  these  countries.  There  are  several  hundred  species  of 
them  ;  and  they  are  so  local  that  a  change  takes  place  every  50  m. 
They  are  the  greatest  ornament  of  the  upper  Orinoco. 

The  llanos  of  Venezuela  and  Guiana  are  covered  with  high 
grass,  mixed  with  lilies  and  other  bulbous  flowers,  sensitive  mimosas, 
and  palms  constantly  varying  in  species. 

oi-rWeddell,  'Histoire  Naturelle  des  Quinquinas,'  1  vol.  folio,  avec 
34  planches,  plris,  1849.)    And  Mr.  Howard  has  added  some  more  in  his 

M^^^^^^^^^^^  '-^'^  superintending 

the  Collection  of  Cinchona  Plants  and  Seeds  in  South  America,  and  their 
Introduction  into  India.' 
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No  language  can  describe  the  glory  of  the  forests  of  the  Amazon 
and  Brazil,  the  endless  variety  of  form,  the  contrasts  of  colour  and 
size  :  there  even  the  largest  trees  bear  brilliant  blossoms  ;  scarlet, 
purple  blue  rose  colour,  and  golden  yeUow,  are  blended  with  every 
possible  shade  of  green.  Majestic  trees,  as  the  Bombax  ceiba  (or 
silk-cotton  tree),  the  dark  leaved  Mora  with  its  white  blossoms, 
the  Fig,  Cashew,  and  Mimosa  tribes,  which  are  here  of  unwonted 
dimensions  and  a  thousand  other  giants  of  the  forest,  are  con- 
trasted with  the  graceful  palm,  the  delicate  acacia,  reeds  of  100  ft. 
high,  grasses  of  40,  and  tree  ferns.   Passifior^  and  slender  creepers 

IZZZT      .  "'^''^  ^«  cables  . climb 

the  lofty  trees,  drop  again  to  the  groimd,  rise  anew,  and  stretch  from 
bough  to  bough,  wreathed  with  their  own  leaves  and  flowers,  ve^ 
intermixed  with  the  vividly  colom-ed  blossoms  of  the  OrchidlceS 
It  may  here  be  remarked  that  one  of  the  most  noticeable  eZl 
in  tropical  forests  is  their  prevailing  greemiess,  for  the  leaves  do 
not  change  their  colours  as  in  extratropical  countries.  Mao-nificeS 
blossoms  do  occur,  but  there  is  no  blaze  of  gorgeous  colouHn^  An 
impenetrable  and  everlasting  vegetation  covers  the  gro^d  decly 
and  death  are  concealed  by  the  exuberance  of  life  ■  thTtr'ees  are 
loaded  with  parasites  while  alive-they  become  masses  of  I  v^n' 
plants  when  they  die.  Here,  too,  occurs  the- Siphonia  elastTca  that 
invaluable  tree  the  juice  of  which,  known  J  India  rubbe;  has 
become  one  of  the  most  important  substances  in  commer  ' 
The  forests  on  the  banks  of  the  Paraguay  and  Vermeio  are 

andtui?  "?hVl t  '  V       r •  Wsh  im? 

and  liuit    the  Algai-oba,  a  kmd  of  acacia,  produces  clusters  nf  n 
bean  of  which  the  Indians  make  bread,  and'also  a  stlo  f^^ented 
indl'  Ir  ^  «f^^\Oopernicia  cerifera,  or  wax-palm^gro^^^^^^^^^^^^ 
and  so  does  the  Yerba-male,  the  leaves  and  twL  nf  ZTA  ' 
imi..rsally  ,sed  as  tea  in  South  Amei^and      ^  n  iTs  "bef:!: 

Lis;        '    «^  ^^^3^^  -^th  lea;;  w 

cactu^in'an^itf::^:^^^^^^^^^  ^^^^-dof  the 

light  anddurable^rb^^oi'l  ldt?^^^^  ^ 

be  seen  the  wind's  W]^  I  may 

mimerous  treer^nd  shrubs  '       ^  and 
Large  forests  of  Araucaria  imbricata  grow  on  the  sides  of  the 
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Andes  of  Chili  and  Patagonia.  This  tall  and  handsome  pine,  with 
cones  the  size  of  a  child's  head,  supplies  the  natives  with  a  great 
part  of  their  food.  It  is  said  that  the  fruit  of  one  large  tree  will 
maintain  18  persons  for  a  year. 

Nothing  grows  under  these  great  forests ;  and  when  accidentally- 
burnt  down  Lq  the  mountainous  parts  of  Patagonia,  they  never  rise 
ao-ain,  but  the  ground  they  grew  on  is  soon  covered  with  an 
impenetrable  Tsrushwood  of  other  plants.  In  Chili  the  violently 
stino-ing  Loasa  appears  first  in  these  biumt  places,  bushes  gi-ow 
afterwards,  and  then  comes  a  tree-grass,  18ft.  high,  of  which  the 
Indians  mahe  their  huts.  .  . 

The  S.  coasts  of  ChiU  are  very  ban-en,  and  aU  plants  existing 
there  even  the  herbaceous,  have  a  tendency  to  assume  a  hard, 
knotty  texture.  The  stem  of  the  wild  potato,  which  is  indi- 
genous in  Chili,  becomes  woody  as  it  grows  old.  It  is  a  native  of 
the  sea  strand,  and  is  never  found  naturally  more  than  400  ft. 
above  it  In  its  wild  state  the  tuber  is  small  and  bitter ;  it  is  one 
oi  many  instances  of  the  influence  of  cultivation  in  rendering  un- 
promising plants  useful  to  man.  It  was  cultivated  in  ^^rica  at 
the  time  of  its  discovery,  and  is  so  now,  at  the  height  of  9800 
to  13  000  ft.  above  the  sea  on  the  Andes,  and  as  high  as  4800  It. 
on  the  Swiss  Alps  ;  it  rarely  succeeds  on  the  plains  m  hot  coun- 
tries, nor  farther  N.  than  Iceland.  It  had  been  introduced  into 
Europe  by  the  Spaniards  before  the  time  of  Sir  Walter  Raleigh, 
he  brought  it  to  England  from  Virginia  m  1586._ 

Coca,  the  Erythroxylon  coca  of  botamsts,  is  a  native  of  the 
Wical  Uueys  on  the  eastern  declivity  of  the  Andes  of  Peru  and 
Bolivia,  where  it  is  extensively  cultivated  for  its  leaf  of  which  the 
tree  furnishes  three  or  four  crops  annually ;  the  coca  leaf  is  chewed 
by  the  aborigines  mixed  with  an  alhaline  substance  :  it  acts  as  a 
stimulant  like  opium  ;  it  is.an  article  of  great  trade,  being  used  by 
the  aboriginal  population  of  the  Andes  and  the  Upjier  Amazons. 

Between  33°  and  45°  S.  lat.  Chili  is  covered  with  extensive 
forests-stately  trees  of  many  kinds,  having  smooth  and  bright- 
colom-ed  trunks  bound  together  by  parasitical  plants ;  lai-ge  and 
elegant  ferns  are  numerous,  and  arborescent  grasses  entwine  the 
trees  to  the  height  of  20 -or  30  ft. ;  pahn  trees  grow  to  3/  S., 
which  annears  to  be  their  southern  Umit. 

Althouc.li  the  flora,  at  an  elevation  of  9000  ft.  on  tlie  Chihan 
Andes  is  almost  identical  with  that  about  the  Strait  of  Magellan, 
It  he  cltTte  is  so  mild  in  some  valleys,  that  of  Antuco  for 
yet  tne  cimu  ^  ^.     -^^  semi-tropical.    In  it  broad  leaved 

^Tt^t^^^,  and  the  mLt  fragrant  and  brilliant 
O^h  daces).  are  mixed  with  the  usual  alpme  genera 

tL  hltdity  or  dryness  of  the  prevailing  winds  makes  an 
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immense  difference  in  the  character  of  the  countries  on  each  side  of 
the  Andes.  Within  the  S.  tropic  the  trade  winds  come  loaded 
with  vapoiu-  from  the  Atlantic,  which  is  partly  precipitated 
by  the  mountains  of  Brazil,  and  supplies  the  noble  forests  of  that 
counti-y  with  never  ceasing  moisture,  while  the  remainder  is  con- 
densed" by  the  Andes ;  so  that  on  their  E.  side  there  is  an  exuberant 
vegetation,  while  on  the  W.  declivities  and  in  the  space  which 
separates  them  from  the  Pacific  the  land  is  almost  barren,  and  on 
the  plains  and  in  the  valleys  of  Peru,  where  rain  very  seldom  falls, 
completely  so,  except  where  artificial  ii-rigation  is  employed.  Even 
on  the  E.  side  of  these  mountains  the  richness  of  the  vegetation 
gradually  disappears  with  the  increasing  height,  till  at  an  elevation 
of  about  15,000  ft.  arborescent  plants  vanish,  and  alpine  races,  of 
the  most  vivid  beauty,  succeed ;  these  in  their  turn  give  place  to 
grasses  at  the  height  of  16,000  ft.    Above  that  limit  are  dreary 

'Til 

plains  where  even  the  thinly  scattered  mosses  are  sickly  ;  and  at  a 
height  exceeding  20,000  ft.  the  snow-lichen  forms  the  last  show  of 
vegetable  life  on  the  rocky  peaks  projecting  from  the  snow. 

§  5.  Antarctic  Plora. — Kerguelen  Land  and  Tierra  del  Fuego 
are  the  northern  boundary  of  the  antarctic  lands,  which  are  scat- 
tered roimd  the  S.  pole  at  immense  distances  from  one  another. 
On  these  the  vegetation  decreases  as  the  latitude  increases,  till  all 
but  utter  desolation  prevails,  long  before  reaching  the  Polar  circle ; 
beyond  this  not  a  lichen  covers  the  dreary  storm  beaten  rocks ;  and^ 
with  the  exception  of  a  few  microscopic  marine  plants,  not  a  sea- 
weed lives  in  the  gelid  waves.  In  the  arctic  regions,  on  the  con- 
trary, no  land  has  yefr  been  discovered  that  is  entirely  destitute  of 
vegetable  life.  This  remarkable  difference  does  not  so  much 
depend  on  a  greater  degree  of  cold  in  winter  as  on  the  want  of 
warmth  in  summer.  In  the  high  northern  latitudes  the  pow^r  of 
the  summer  sun  is  so  great  as  to  melt  the  pitch  between  the  planks 
of  the  vessels ;  while  in  corresponding  southern  latitudes  the  ther- 
mometer does  not  rise  above  14°  Fahr.  at  noon  at  a  season  cor- 
responding to  our  August.  The  perpetual  snow  reaches  to  a  much 
lower  latitude  in  the  S.  lands  than  it  does  in  the  N.  Sand- 
wich-land, in  a  latitude  con-esponding  to  that  of  the  N.  of  Scotland, 
is  in  parts  perpetually  covered  with  snow.  A  single  species  of 
grass,  the  Aira  antarctica,  is  the  only  flowering  plant  in  the  South 
Shetland  group,  which  is  no  less  ice-bound  ;  and  Oockburn  Island, 
which  forms  a  part  of  it,  in  60°  S.  lat.,  contains  the  last  vestiges  of 
vegetation  ;  while  the  Shetlands  in  our  hemisphere,  in  an  equally 
high  latitude,  are  inhabited  and  cultivated :  nay,  South  Georgia, 
in  a  latitude  similar  to  that  of  Yorkshire,  is  always  clad  in  frozen 
snow,  and  only  produces  some  mosses,  lichens,  and  one  or  two 
herbaceous  plants  ;  while  Iceland,  10  degrees  nearer  the  pole,  has 
870  species,  more  than  half  of  which  are  flower-bearing. 
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The  forest-covered  islands  of  Tierra  del  Fuego  are  only  300  m 
Iromthe  desolate  South  Shetland  group:  such  is  the  difference  that 
a  ew  degrees  of  latitude  can  produce  in  these  antarctic  re^nons, 
when  combined  with  an  equable  climate  and  excessive  humidity. 

The  prevalence  of  evergreen  plants  is  the  most  characteristic 
feature  m  the  Fuegiau  flora.  Densely  tangled  forests  of  beech  trees 
grow  from  the  shore  to  a  considerable  height  on  the  mountains. 
Of  these  the  Fagus  betuloides,  which  never  loses  its  leaves,  prevails 
almost  to  the  exclusion  of  the  evergreen  muter's  bark  and  the 
deciduous  beech,  which  is  very  beautiful.  There  are  dwarf  species 
of  Pernettya,  the  Myrtus  nummularia,  which  is  used  instead  of  tea, 
besides  berberry,  currant,  and  fuchsia,  which  is  a  native  of  Fuegia  ; 
peculiar  species  of  Ranunculus,  Calceolarias,  Oaryophyllacete,  Oruci- 
lorm  plants,  and  Violets.  WUd  celery  and  sciu-vy-grass  are  abun- 
dant ;  and  a  bright  yellow  fungus,  which  grows  on  the  beech  trees, 
forms  a  great  part  of  the  food  of  the  natives.  There  is  a  greater 
number  of  plants  in  Tierra  del  Fuego  either  identical  with  those  in 
Great  Britain,  or  representatives  of  them,  than  exists  in  any  other 
country  in  the  southern  hemisphere.  The  Sea  pink,  or  thrift,  the 
common  Orowberry-wort,  Primula  farinosa,  and  at  least  30  other 
flowering  plants,  with  almost  all  the  lichens,  48  mosses,  and  many 
other  plants  of  the  cryptogamous  kind,  are  identical,  while  k 
number  of  genera  common  to  both  countries,  though  unknown  in 
the  intermediate  latitudes,  reappear  here.  An  alpine  flora,  many 
of  the  species  of  European  genera,  grows  on  the  moimtaius,  suc- 
ceeded higher  up  by  mosses  and  lichens. 

Although  the  Falkland  Islands  are  in  a  lower  latitude  than 
Tierra  del  Fuego,  not  a  tree  is  to  be  seen.  The  Veronica  elliptica, 
resembling  a  myrtle,  which  is  extremely  rare  and  confined  to  West 
Falkland,  is  the  only  large  shrub.  A  white-flowering  plant  like 
the  aster,  about  four  feet  high,  is  common :  while  a  Bramble,  a 
Orowberry,  and  a  Myrtle,  bearing  no  resemblance,  however,  to  the 
.European  species,  trail  on  the  ground  and  afford  edible  fruit.  The 
Bog  balsam,  or  Bolax  glebaria,  and  the  Dactylis  csespitosa,  or 
tussac  grass,  form  the  only  conspicuous  features  in  the  botany  of 
these  islands,  and  grasses  cover  them,  almost  to  the  exclusion  of 
other  plants.  The  bolax  grows  in  tufted  hemispherical  masses  of 
a  yellow  green  colour  and  very  flrm  substance,  often  four  feet  high, 
and  as  many  in  diameter,  whence  a  strong-smelling  resinous 
substance  exudes,  the  odour  of  which  is  perceptible  at  a  distance. 
This  plant  has  umbelliferous  flowers,  but  forms  an  alpine  and 
antarctic  genus  quite  peculiar. 

The  Tussac  grass  is  the  most  useful  and  the  most  singular  plant 
in  tliis  flora.  It  covers  all  the  small  islands  of  the  group,  and 
thrives  best  on  the  shores  exposed  to  the  spray  of  the  sea.  Each 
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tussac  is  an  isolated  plant,  occupying  about  two  square  yards  of 
ground.  It  forms  a  laillock  of  matted  roots,  rising  straight  and 
solitary  out  of  the  soil,  often  6  ft,  high  and  4  or  6  in  diameter, 
from  the  top  of  which  it  thi'ows  out  a  thick  grassy  foliage  of 
blades,  6  ft.  long,  drooping  on  all  sides,  and  forming,  with 
the  leaves  of  the  adjacent  plants,  an  arch  over  the  ground  beneath, 
which  yields  shelter  to  sea-lions,  penguins,  and  petrels.  Oattle  are 
exceedingly  fond  of  this  grass,  which  yields  annually  a  much 
greater  supply  of  excellent  fodder  than  the  same  extent  of  ground 
would  do  either  of  common  grass  or  clover.  Both  the  tussac- 
grass'  and  the  bolax  are  found,  though  sparingly,  in  Tierra  del 
Fuego;  indeed,  the  vegetation  of  the  Falkland  Islands  consists 
chiefly  of  the  mountain  plants  of  that  country  and  of  those  that 
grow  on  the  arid  plains  of  Patagonia;  but  it  is  kept  close  to  the 
ground  by  the  fierceness  of  the  terrific  gales  that  sweep  over  these 
antarctic  islands.  Peculiar  species  of  European  genera  are  found 
here,  as  a  wood  sorrel,  and  a  yellow  violet ;  while  the  Oardamine 
hirsuta  and  the  Primula  farinosa  appear  to  be  identical  with 
those  at  home.  In  all,  there  are  scarcely  120  flowering  plants, 
including  grasses.  Ferns  and  mosses  are  few  ;  but  lichens  are  in 
great  variety  and  abundance,  among  which  many  are  identical 
with  those  in  Britain. 

The  flora  of  Campbells  Island  and  the  Auckland  group  is  so 
intimately  alhed  to  that  of  New  Zealand  that  it  may  be  regarded 
as  the  continuation  of  the  latter,  under  an  antarctic  character, 
though  destitute  of  the  beech  and  pine  trees.  There  is  a  con- 
siderable number  of  Fuegian  plants  in  these  islands,  though 
they  are  4000  m.  distant ;  and  whenever  their  flora  difi'ers  in 
the  smaller  plants  from  that  of  New  Zealand,  it  approximates 
to  that  of  Antarctic  America ;  but  the  trees  and  shrubs  are  en- 
tirely dissimilar.  The  relation  between  this  vegetation  and  that 
of  the  northern  regions  is  but  slight.  The  Auckland  group  and 
Campbell's  Island  are  in  a  latitude  corresponding  to  that  of  England,, 
yet  only  3  indigenous  plants  of  our  island  have  been  found  in  them, 
namely,  the  Cardamine  hirsuta,  Montia,  and  Callitriche.  This  is^ 
the  utmost  S.  limit  of  tree  ferns. 

The  Auckland  islands  lie  in  the  boisterous  ocean  S.  of  New 
Zealand.  They  are  covered  with  dense  and  all  but  impenetrable- 
thickets  of  stunted  trees,  or  rather  shrubs,  about  20  or  3©  ft.  high,^ 
gnarled  by  gales  from  a  stormy  sea.    There  is  nothing  analogous  to 


1  The  cultivation  of  this  useful  plant  was  introduced  into  some  of  the 
western  islands  of  Scotland,  especially  Lewis,  by  the  proprietor,  Sir 
James  Matheson.  It  thrives  well  in  peaty  soils  within  the  influence  of  the 
sea-spray. 
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these  sliruts  in  the  N.  hemisphere  ;  hut  the  Veronica  elliptica, 
a  native  of  Tierra  del  Fiiego  and  New  Zealand,  is  one  of  them. 
Fifteen  species  of  ferns  find  shelter  under  these  trees,  and  their 
fallen  trunks  are  covered  with  mosses  and  lichens.  Eighty 
flowering  plants  were  found  during  the  stay  of  the  Antarctic  ex- 
pedition, of  which  66  were  then  new  to  science  ;  many  are  peculiar 
to  this  group  and  to  Oamphell's  Island,  hut  the  greater  proportion 
are  natives  of  the  mountains  of  New  Zealand.  Some  of  the  most 
beautiful  flowers  grow  on  the  mountains,  others  are  mixed  with 
the  ferns  in  the  forests.  A  beautiful  plant  was  discovered,  like  a 
purple  aster  :  a  Veronica,  with  large  spikes  of  idtramarine  colour ; 
a  white  one,  with  a  perfume  like  jessamine  ;  a  sweet-smelling 
alpine  Hierochloe ;  and  in  some  of  the  valleys  the  fragrant  and 
bright  yellow  blossoms  of  a  species  of  asphodel  were  so  abundant 
as  to  be  visible  to  ships  sailing  along  the  coast.  There  are  also 
antarctic  species  of  European  genera,  as  beautiful  red  and  whit« 
gentians,  geraniums,  &c.  The  landscape,  tliough  picturesque,  has 
a  sombre  aspect,  from  the  prevalence  of  brown  dark  evergreen- 
leaved  plants. 

Oamphell's  Island  lies  120  m.  S.  of  the  Auckland  group,  and  is 
much  smaller,  but  from  the  more  varied  form  of  its  surface  it  is 
supposed  to  produce  as  many  species  of  plants.  During  the  two 
days  the  discovery  ships  under  the  command  of  Sir  James  Ross 
remained  there,  between  200  and  300  were  collected:  of  these 
66  were  flowering  plants,  and  14  were  peculiar  to  the  country- 
Many  of  the  Auckland  Island  plants  were  found  here,  yet  a  great 
change  had  taken  place ;  34  species  had  disappeared,  and  were  re- 
placed by  20  new,  all  peculiar  to  Campbell's  Island,  and  some  were 
found  that  hitherto  had  been  supposed  to  belong  to  Antarctic 
America  only. 

Perhaps  no  spot  in  either  hemisphere,  at  the  same  distance  from 
the  Pole,  is  more  barren  than  Kerguelen  Land,  lying  in  a  remote 
part  of  the  South  Polar  ocean.  Only  18  species  of  flowering  plants 
were  found  there,  which  is  less  than  the  number  in  Melville  Island, 
in  the  Arctic  Seas,  and  3  times  less  than  the  number  in  Spitz- 
bergen.  The  whole  known  vegetation  of  this  island  only  amounts 
to  160  plants,  including  seaweeds.  The  Pringlea,  a  kind  of  cab- 
bage, acceptable  to  those  who  have  been  long  at  sea,  is  peculiar  to 
the  islan*&,  and  grass,  together  with  a  plant  similar  to  the  bolax  of 
the  Falkland  Islands,  covers  large  tracts.  About  20  mosses,  lichens, 
&c.,  only  are  found  in  this  island,  but  many  of  the  others  are  also 
native  in  the  European  Alps  and  north  polar  regions.  It  is  a  very 
remarkable  circumstance  in  the  distribution  of  plants,  that  there 
should  be  so  much  analogy  between  the  floras  of  places  so  far  apart 
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as  Kerguelen  Land,  the  groups  S.  of  New  Zealand,  the  Falkland 
Islands,  South  Georgia,  and  Tierra  del  Fuego. 

§  6.  Orig:ln  and  Distribution  of  Cerealia. — The  plants 
which  the  earth  produces  spontaneously  are  confined  within  certain 
districts ;  nevertheless  Providence  has  endowed  those  most  essential 
to  man  with  so  much  power  of  adap'ting  themselves  to  changes  of 
climate  and  locality  that  the  limits  of  their  production  can  be  ex- 
tended by  cnltm-e  beyond  what  have  been  assigned  to  them  by 
nature.  The  grasses  yielding  the  grains  are  especially  favoured  in 
this  respect,  though  their  extension  depends  upon  the  knowledge 
and  industry  of  man ;  so  that  with  regard  to  useful  plants  there  is 
an  artificial  as  well  as  a  natural  boundary.  The  cultivation  of 
plants  in  gardens  and  hot  houses  is  entirely  artificial,  and  depends 
on  luxury  and  fashion. 

Tartary  and  Persia  are  presumed  to  have  been  the  original 
countries  of  wheat  and  rye,  and  the  Caucasus  that  of  oats  ;  but 
these  grains  have  been  so  long  in  use  that  it  is  impossible  to  trace 
their  origin  with  certainty.  In  high  northern  latitudes  wheat  is 
protected  from  the  inclemency  of  winter  by  sowing  it  in  spring,  or 
if  sown  in  autumn  a  coating  of  snow  defends  it :  the  polar  limit  is 
the  isothermal  line  of  67°  2',  and  wheat  will  not  form  seed  within 
the  tropics,  except  at  a  considerable  height  above  the  sea.  In 
America  the  northern  limit  is  unknown,  the  country  being  unin- 
habited ;  but  at  Cumberland  House,  in  the  very  middle  of  the 
continent,  one  of  the  stations  of  the  Hudson  Bay  Company,  in 
54°  N.  lat.,  wheat,  barley,  and  maize  are  grown,  ^'^heat  thrives 
luxuriantly  in  Chili  and  Peru,  and  at  elevations  of  8500  and  10,000 
ft.  above  the  sea.  It  even  produces  grain  on  the  banks  of  the  Lake 
Titicaca,  in  the  Peru-Bolivian  Andes,  at  the  height  of  12,493  ft., 
in  sheltered  situations,  and  good  crops  of  barley  are  raised  in  that 
elevated  region. 

Barley  bears  cold  better  than  any  of  the  grains,  yet  neither  it 
nor  any  other  will  grow  in  Iceland.  It  is  successfully  cultivated  in 
the  Faroe  Islands ;  near  North  Cape,  the  extreme  point  of  Norway ; 
near  Archangel  on  the  White  Sea;  and  in  Central  Siberia  to  between 
68°  and  69°  N.  lat. 

Rye.  is  only  cultivated  where  the  soil  is  very  poor,  and  agri- 
culture little  luiderstood  ;  yet  a  third  of  the  population  of  Europe 
lives  on  rye  bread,  chiefly  inhabitants  of  the  middle  and  especially 
of  the  N.  parts :  its  limit  is  about  67°  N.  lat. 

Oats  are  scarcely  known  in  middle  and  S.  Europe  ;  in  the  N. 
they  are  extensively  cultivated  to  65°  N.  lat. 

Rice  is  the  food  of  a  greater  number  of  human  beings  than  any 
other  gi-ain :  it  has  been  cultivated  from  such  high  antiquity  that 
all  traces  of  its  origin  are  lost.    It  contains  less  nutritious  matter 
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than  anj'  of  tlie  Cerealia,  and,  since  it  requires  excessive  moisture, 
and  a  temperature  of  73°-4  at  least,  its  cultivation  is  limited  to 
countries  between  the  equator  and  the  45th  parallel. 

Indian  Corn  and  Millet  are  much  cultivated  in  Europe  S.  of  the 
45th  and  47th  parallels,  and  form  important  articles  of  food  in 
France,  Italy,  Africa,  India,  and  America.  Buckwheat  is  ex- 
tensively cultivated  in  N.  Europe  and  Siberia,  and  in  central  Asia  ; 
it  is  a  native  of  Asia,  whence  it  was  brought  into  Europe  in  the 
fifteenth  century. 

The  Cerealia  afford  remarkable  examples  of  numberless  varieties 
arisibg  from  the  seed  of  one  species.  In  Ceylon  alone  there  are  160 
varieties  of  rice,  and  at  least  30  of  millet.  The  endless  variety 
which  may  be  raised  from  the  seed  of  one  plant  is  more  conspicuous 
in  the  flower  garden :  the  rose  affords  above  1400 ;  the  varieties  of 
the  pansy,  calceolaria,  tulip,  auricula,  and  primrose  are  without 
end,  and  often  differ  so  much  from  the  parent  plant  that  it  seems 
almost  impossible  they  should  have  had  a  common  origin:  it 
seems  diflicult  to  believe  that  red  cabbage,  cauliflower,  and  many 
others  should  have  sprung  from  the  Brassica  oleracea,  so  totally 
dissimilar  fi'om  any  of  them,  with  its  bitter  sea  green  ciu"ly  leaves. 
Fashion  changes  so  much  with  regard  to  plants  that  it  is  scarcely 
possible  to  form  even  an  approximation  to  the  number  known  to  be 
in  cultivation :  new  plants  are  introduced  from  a  foreign  country, 
and  are  apt  to  take  the  place  of  some  of  the  older,  which  are 
neglected  and  sometimes  lost;  of  120,000  plants  which  are  known 
to  exist  on  the  earth,  not  more  than  15,000  are  believed  to  be  in 
cultivation. 

It  is  supposed  that  plants  capable  of  bearing  a  great  range  of 
temperature  would  exist  through  longer  geological  periods  than 
those  more  limited  in  their  endurance  of  vicissitudes  of  heat  and 
cold. 

§  7.  Forest  Trees. — Since  forest  trees  increase  by  coatings 
from  without,  the  growth  of  each  year  forming  a  concentric  circle 
of  wood  round  that  of  the  previous  year,  the  age  of  a  tree  may  be 
ascertained  by  counting  the  number  of  rings  in  a  transverse  section 
of  the  trunk,  each  ring  representing  a  year.  Moreover  the  progress 
of  the  grovrth  is  known  by  comparing  the  breadth  of  the  rings, 
which  are  broader  in  a  favourable  than  in  an  unfavourable  season, 
though  this  may  depend  also  in  some  measure  on  the  quality  of 
the  soil  which  the  roots  have  come  to  in  their  downward  growth. 
If  the  number  of  concentric  rings  in  a  transverse  section  has  shown 
the  age  of  a  tree,  and  its  girth  has  been  ascertained  by  measure- 
ment, an  approximation  to  the  age  of  any  other  tree  of  the  same 
land  still  growing,  under  similar  circumstances,  may  be  determined 
by  comparison.    In  this  way  the  age  of  many  remarkable  trees 
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lias  heen  ascertained.  The  yew  attains  a  greater  age  than  any 
other  tree  in  Europe.  According  to  M.  de  Oandolle  this  tree  in- 
creases in  girth  the  twelfth  part  of  an  inch  in  a  year  during  the 
fii-st  150  years,  and  rather  less  in  the  next  100,  the  increase  probably 
decreasing  progressively.  By  that  estimate  a  yew  at  Fountains 
Abbey  was  reckoned  to  be  1214  years  old ;  one  at  Orowhurst,  in 
Surrey,  was  1400  years  old  when  measured  by  Evelyn ;  it  has  been 
shown  by  the  same  method  that  a  yew  at  Fortingal,  in  Scotland, 
was  between  2600  and  2600  years  old ;  and  one  at  Braburn,  in 
Kent,  must  have  been  3000  years  old :  these  are  the  veterans  of 
Eui-opean  vegetation.  ^ 

The  cj^press  rivals  the  yew  in  longevity,  and  may  perhaps 
sm'pass  it.  There  is  a  cypress  in  the  palace  garden  at  Granada 
which  was  celebrated  in  the  time  of  the  Moors,  and  was  still  known 
iu  the  year  ]  776,  as  Oipres  della  Regina  Sultana,  because  a  sultana 
met  with  Abencerrages  under  its  shade.  M.  Alphonse  de  Oandolle 
estimates  a  deciduous  cypress  in  the  churchyard  of  Santa  Maria  de 
Tecla,  near  Oaxaca  in  Mexico,  to  be  6000  years  old,  Zuccarini  3572, 
and  Dr.  Lindley  only  870,  Oaks  come  next  in  order :  they  are 
supposed  to  live  1500  or  1600  years.  One  in  Welbeck  Lane,  men- 
tioned by  Evelyn,  was  computed  to  be  1400  years  old.  Chestnut 
trees  are  known  to  live  900  years ;  lime  trees  have  attained  600  or 
600  years  in  France;  and  birches  are  supposed  to  be  equally 
durable.  Some  of  the  smaller  and  less  conspicuous  European 
plants  perhaps  rival  these  giants  of  the  forest  in  age.  Ivy  is  an 
example  of  this ;  there  is  one  near  Montpellier,  6  ft.  in  girth,  which 
must  be  485  years  old.  A  lichen  was  watched  for  40  years  without 
the  appearance  of  change.  Eight  olive  trees  on  the  Mount  of  Olives 
are  supposed  to  be  800  years  old  ;  it  is  at  least  certain  that  they 
existed  prior  to  the  taking  of  Jerusalem  by  the  Tm-ks.  There  is 
some  doubt  as  to  the  age  of  the  largest  cedar  on  Lebanon  ;  it  is  9 
ft.  in  diameter,  and  has  probably  existed  800  or  900  years. 

§  8.  Marine  Vegretation. — A  vegetable  world  lies  hid  beneath 
the  surface  of  the  ocean,  altogether  unlike  that  on  land,  and  existing 
under  circumstances  totally  different  with  regard  to  light,  heat,  and 
pressure,  yet  sustained  by  the  same  means.  Carbonic  acid  is  as 
essential,  and  metallic  oxides  are  as  indispensable,  to  marine  vege- 
tation as  they  are  to  land  plants.  Sea  water  contains  a  minute 
proportion  of  carbonic  acid  gas,'^  and  something  more  than  a  twelve- 


'  It  is  worthy  of  remark  that  the  trees  which  in  our  temperate  latitudes 
attain  the  greatest  age  belong  to  the  family  of  the  Coniferre,  which  have 
furnislied  the  most  ancient  vegetable  remains  embedded  in  the  strata  that 
form  the  earth's  surface,  the  oldest  fossil  plants  of  the  Devonian  and  Carbo- 
niferous series  belonging  to  trees  nearly  allied  to  Araucaria. 

2  M.  Laurens  has  found  osVo  part  of  this  gas  in  the  water  of  the  Med^ 
terranean. 
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thousandth  part  of  its  weig-ht  of  carbonate  of  lime,  yet  that  is 
sufficient  to  supply  all  the  shell  fish  and  coral  insects' in  the  sea 
■with  materials  for  their  habitations,  as  well  as  food  for  vegetation. 
Marine  plants  are  more  expert  chemists  than  we  are,  for  the  water 
of  the  ocean  contains  rather  less  than  a  millionth  part  of  its  weight 
of  iodine,  which  they  collect  in  quantities  impossible  for  us  to 
obtain  otherwise  than  from  their  ashes. 

Seaweeds  fix  their  roots  to  anything — to  stone,  wood,  and  to 
other  seaweeds  ;  they  must,  therefore,  derive  all  their  nourishment 
from  the  water,  and  the  air  it  contains ;  and  the  vital  force  or 
chemical  energy  by  which  they  decompose  and  assimilate  the  sub- 
stances fit  for  their  maintenance  is  the  sun's  light. 

Marine  plants,  which  are  very  numerous,  consist  of  two  groups 
— a  jointed  kind,  which  include  the  Oonfervse,  or  plants  having  a 
thread-like  form ;  and  a  jointless  kind,  to  which  belong  dulse,  laver, 
the  kinds  used  for  making  kelp,  iodine,  vegetable  glue,  and  all  the 
gigantic  species  which  grow  in  submarine  forests,  or  float  like  green 
meadows  in  the  open  sea.  Some  species  are  found  in  every  climate 
from  pole  to  pole.  No  doubt  the  currents  at  the  surface,  and  the 
stratum  of  uniform  temperature  lower  down,  are  the  highways  by 
which  these  cosmopolites  travel. 

Maiine  vegetation  follows  a  different  law  fi'om  that  of  the  land, 
for  it  is  neither  so  varied  in  form,  so  rich  in  colour,  nor  in  such 
abundance  between  the  tropics  as  in  the  temperate  zones ;  and  there 
are  fewer  vegetable  provinces  in  the  seas  than  on  shore,  because 
the  temperature  is  more  uniform,  and  the  dispersion  of  plants  is  not 
so  much  interfered  with  by  the  various  causes  which  distm-b  it  on 
land.i 

Marine  vegetation  varies  both  horizontally  and  vertically  with 
the  depth,  and  it  seems  to  be  a  general  law  throughout  the  ocean 
that  the  light  of  the  sun  and  vegetation  cease  together ;  it  conse- 
quently depends  on  the  power  of  the  sun  and  the  transparency  of 


1  Professor  Harvey  of  Dublin  lias  divided  the  marine  vegetation  into 
10  provinces  : — the  Northern  Ocean,  from  ilie  Pole  to  the  60°  N.  lat.  ;  the 
North  Atlantic,  between  60°  and  40°,  which  is  the  province  of  the 
delesserieas  and  fucus  proper  ;  the  Mediterranean,  which  is  a  snb-region  of 
the  warmer  temperate  zone  of  the  Atlantic  lying  between  the  40°  and  23° 
N.  lat.  ;  the  tropical  Atlantic,  in  which  sargassum,  rhodomelia,  corallinia, 
and  siphonea  abound  ;  the  antarctic  American  region,  from  Chili  to  Cape 
Horn  ;  the  Falkland  Islands  ;  and  the  whole  circnmpolar  ocean  S.  of  50°  S. 
lat. :  the  Australian  and  New  Zealand  province,  wliich  is  very  peculiar, 
being  characterised,  among  other  generic  forms,  by  the  fucacere  ;  the 
Indian  Ocean  and  the  Red  Sea  ;  and  the  last,  which  comprises  the  Japan 
and  China  Seas.  There  are  several  undetermined  botanical  marine  pro- 
■vinces  in  the  Pacific  and  elsewhere. 


Chap.  XXIX.  MARINE  VEGETATION.  413 


the  water ;  so  difl'erent  kinds  of  seaweeds  affect  different  depths, 
where  the  weight  of  the  water,  the  quantity  of  light  and  heat,  suit 
them  test.  One  great  marine  zone  lies  between  the  high  and  low 
water  marks,  and  varies  in  species  with  the  nature  of  the  coasts, 
hut  exhibits  similar  phenomena  throughout  the  northern  hemi- 
sphere. In  the  British  seas,  where,  with  two  exceptions,  the  whole 
flora  is  cryptogamio,^  this  zone  does  not  extend  deeper  than  30 
fathoms,  but  is  divided  into  two  distinct  provinces,  one  to  the 
south  and  another  to  the  north.  The  former  includes  the  S. 
and  E.  coasts  of  England,  the  S.  and  W.  coasts  of  Ireland, 
and  both  the  channels :  while  the  N.  flora  is  confined  to  the 
Scottish  seas  and  the  adjacent  coasts  of  England  and  Ireland. 
The  second  British  zone  begins  at  low  water  mark,  and  extends 
below  it  to  a  depth  fi-om  7  to  15  fathoms.  It  contains  the  great 
tangle  seaweeds,  growing  in  miniature  forests,  mixed  with  fuci, 
and  is  the  abode  of  a  host  of  animals.  A  coral-like  seaweed  is  the 
last  plant  of  this  zone,  and  the  lowest  in  these  seas,  where  it  does 
not  extend  below  the  depth  of  60  fathoms,  but  in  the  MediteiTanean 
it  is  foimd  at  70  or  80  fathoms,  and  is  the  lowest  plant  in  that  sea. 
The  same  law  prevails  in  the  Bay  of  Biscay,  where  one  set  of  sea- 
weeds is  never  found  lower  than,  20  ft.  below  the  surface  ;  another 
only  in  the  zone  between  the  depths  of  5  and  30  ft.,  and  another 
between  15  and  35  ft.  In  these  two  last  zones  they  are  most 
numerous  ;  at  a  greater  depth  the  kinds  continue  to  vary,  but  their 
numbers  decrease.  The  seeds  of  each  kind  float  at  the  depth  most 
genial  to  the  future  plant :  they  must,  therefore,  be  of  different 
weights.  The  distribution  in  the  ^gean  Sea  was  found  by  Pro- 
fessor E.  Forbes  to  be  perfectly  similar,  only  that  the  vegetation  is 
different,  and  extends  to  a  greater  depth  in  the  Mediterranean  than 
in  more  northern  seas.''^    He  also  observed  that  seaweeds  o-rowino- 

1  The  only  British  flowering  plants  that  inhabit  the  ocean  are  Zostera 
and  Zanichellia. 

2  The  vegetation  at  different  depths  in  the  JEgenn  Sea  is  as  distinctly 
marked  as  that  at  different  heights  on  the  declivity  of  a  mountain.  The 
coast  plants  are  the  Padina  pavonia  and  Dictyota  dichotoma.  A  greater 
depth  is  characterised  by  the  vividly  green  and  elegant  fronds  of  the 
Caulerpa  prolifera,  probably  the  prasium  of  the  ancients  ;  associated  with 
it  are  the  curious  sponge-like  Codium  bursa,  and  four  or  five  others.  The 
Codium  flabelliforme,  and  the  rare  and  curious  vegetable  net  called  Micro- 
dictyon  umbilicatum,  characterise  depths  of  30  fathoms.  The  Dictyomenia 
with  stiff  purple  corkscrew-like  fronds,  and  some  others,  go  as  low  as  50 
fathoms,  beyond  which  no  flexible  seaweeds  have  been  found.  The  coral- 
like Millepora  polymorpha  take  their  place,  and  range  to  the  depth  of  100 
fathoms,  beyond  which  there  was  found  no  trace  of  vegetable  life,  unless 
some  of  the  minute  and  microscopic  infusorial  bodies  living  there  be  re- 
garded as  plants.—'  Travels  in  Lycia,'  by  Lieutenant  Spratt,  R.N.,  and  Pro- 
fessor E.  Forbes. 
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near  tlie  surface  are  more  limited  in  their  distribution  than  those 
that  grow  lower  doAvn,  and  that  with  regard  to  vegetation  depth 
corresponds  with  latitude  as  height  does  on  land.  Thus  the  tiora 
at  gTeat  depths,  in  warm  seas,  is  represented  by  kindred  forms  in 
higher  latitudes.  There  is  every  reason  to  believe  that  the  same 
laws  of  distribution  prevail  throughout  the  ocean  and  every  sea. 

Seaweeds  adhere  firmly  to  the  rocks  before  their  fructification, 
but  they  are  easily  detached  afterwards,  which  accounts  for  some 
of  the  vast  fields  of  floating  weeds ;  but  others,  of  gigantic  size  and 
wide  distribution,  are  supposed  to  grow  unattached  in  the  water 
itself.  There  are  permanent  bauds  of  seaweed  in  the  British 
Channel  and  in  the  North  Sea,  of  the  kind  called  Fucus  filum, 
which  grow  abundantly  on  the  western  coast  of  the  Channel ;  they 
lie  in  the  direction  of  the  ciurents,  in  beds  15  or  20  m.  long,  and 
not  more  than  600  ft.  wide.  These  bands  must  oscillate  with  the 
tides  between  two  corresponding  zones  of  rest,  one  at  the  turn  of 
the  flood,  and  the  other  at  the  turn  of  the  ebb.  It  is  doubtful 
whether  the  Fucus  natans  or  Sargassum  bacciferum  grows  on  rocks 
at  the  bottom  of  the  Atlantic,  between  the  parallels  of  40°  N.  and 
S.  of  the  equator,  and,  when  detached,  is  drifted  imiformly  to  par- 
ticular spots  which  never  vary,  or  whether  it  is  propagated  and 
grows  in  the  water ;  but  the  mass  of  that  plant  W.  of  the  Azores 
occupies  an  area  equal  to  that  of  Germany,  and  has  not  changed 
its  place  since  the  time  of  Columbus.  Fields  of  the  same  kind 
cover  the  sea  in  the  South  Pacific,  near  the  Bahama  Islands  and 
other  places,  and  two  new  species  of  it  were  discovered  in  the 
Antarctic  seas. 

The  Macrocystis  pyrifera  and  the  Laminaria  radiata  are  the 
most  remarkable  of  marine  plants  for  their  gigantic  size  and  the 
extent  of  their  range.  They  were  met  with  on  the  antarctic 
coasts  two  degrees  nearer  the  S.  pole  than  any  other  vegetable 
production,  forming,  with  one  remarkable  exception,  the  utmost 
limit  of  vegetable  life  in  the  south  polar  seas.  The  Macrocystis 
pyrifera  exists  in  vast  detached  masses,  like  green  meadows,  in 
every  latitude  from  the  S.  polar  ocean  to  45°  N.  lat.  in  the 
Atlantic,  and  to  the  shores  of  California  in  the  Pacific,  where  there 
are  fields  of  it  so  impenetrable  that  it  has  saved  vessels  driven  by 
the  heavy  swell  towards  that  shore  from  shipwreck.  It  is  never 
seen  where  the  temperature  of  the  water  is  at  the  freezing  point, 
and  is  the  largest  of  the  vegetable  tribe,  being  occasionally  300  or 
400  ft.  long.  The  Laminaria  abounds  off"  the  Cape  of  Good  Hope 
and  in  the  Antarctic  Ocean.  These  two  species  form  great  part  of 
a  band  of  seaweed  which  girds  Kerguelen  Land  so  densely  that  a 
boat  can  scarcely  be  pulled  through  it ;  they  are  found  in  great 
abundance  on  the  coasts  of  the  Falkland  group,  and  also  in  vast 
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fields  in  the  open  sea,  hundreds  of  miles  from  any  land :  had  it  ever 
grown  on  the  distant  shores  it  must  have  taken  ages  to  travel  so 
tar,  drifted  by  the  wind,  currents,  and  the  scud  of  the  seas.  The 
red,  green,  and  piu'ple  lavers  of  Great  Britain  are  found  on  the 
coasts  of  the  Falkland  Islands  ;  and  though  some  of  the  northern 
seaweeds  are  not  met  with  in  the  intervening  warm  seas,  they 
reappear  here.  The  Lessonia  is  the  most  remarkable  marine  plant 
in  this  group  of  islands.  Its  stems,  much  thicker  than  a  man's 
leg,  and  from  8  to  10  ft.  long,  fix  themselves  by  clasping  fibres  to 
the  rocks  above  high-water  mark.  Many  branches  shoot  upwards 
from  these  stems,  from  which  long  leaves  droop  into  the  water 
like  willows.  There  are  immense  submarine  forests  off  Patao-onia 
and  Tiei-ra  del  Fuego,  attached  to  the  rocks  at  the  bottom.  These 
plants  are  so  strong  and  buoyant  that  they  bring  up  large  masses 
of  stone ;  and,  as  they  grow  slanting,  and  stretch  along  the  sur- 
face of  the  sea,  they  are  sometimes  300  ft.  long.  The  quantity  of 
living  creatures  which  inhabit  these  marine  forests  and  parasitical 
weeds  attached  to  them  is  inconceivable;  they  absolutely  teem 
with  life.  Of  the  speeies  of  marine  plants  which  are  strictly  ant- 
arctic, including  those  in  the  seas  of  Tasmania  and  New  Zealand, 
Dr.  Hooker  has  identified  one  fifth  with  the  British  Algee. 

The  higher  latitudes  of  the  Antarctic  Ocean  are  not  so  destitute 
of  vegetation  as  was  at  first  believed.  Most  minute  objects,  alto- 
gether invisible  to  the  naked  eye,  except  in  mass,  and  which  were 
taken  for  siliceous  shelled  animalcules  of  the  infusorial  kind,  prove 
to  be  vegetable.  They  are  a  species  of  the  DiatomaceEe,  which, 
from  their  multitudes,  give  the  sea  a  pale  ochreous  brown  colour. 
They  increase  in  numbers  with  the  latitude,  up  to  the  highest 
point  yet  attained  by  man,  and  no  doubt  aftbrd  food  to  many  of 
the  minute  animals  in  the  antarctic  seas.  Genera  and  species 
of  this  plant  exist  in  every  sea  from  Victoria  Land  to  Spitzbergen, 
It  is  another  of  the  remarkable  instances  of  a  great  end  being 
effected  by  small  means ;  for  the  siliceous  shells  of  this  antarctic 
vegetation  are  forming  a  submarine  bank  between  76°  and  78°  S. 
lat.,  and  from  the  165th  to  the  160th  W.  meridian. 

Great  patches  of  Confervas  are  occasionally  met  with  in  the 
open  seas.  Bands  several  miles  long,  of  a  reddish  brown  species 
like  chopped  hay,  occur  oft"  Bahia,  on  the  coast  of  Brazil ;  and 
different  species  are  common  in  the  South  Pacific  Ocean. 
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CHAPTER  XXX. 

DISTRIBUTION  01"  INSECTS.^ 

§  1.  Species,  Uses,  &.c.,  of  Insects. — Above  150,000  species 
of  insects  are  known  in  public  and  private  museums  ;  some  with 
wings,  others  vsdthout ;  some  are  aquatic,  others  are  aquatic  only 
in  the  first  stage  of  their  existence  ;  and  many  are  parasitical. 

Naturalists  have  lately  found  bhnd  insects  of  various  genera  in 
the  great  subterranean  caves  of  Europe  and  America.  Some  land 
insects  are  carnivorous,  others  feed  on  vegetables ;  some  of  the 
carnivorous  tribe  live  on  dead,  others  on  living,  animals,  but  they, 
are  not  half  so  numerous  as  those  that  live  on  vegetables.  Some 
change  the  kind  of  food  as  they  grow  fi-om  larva  to  perfect  insect ; 
in  their  first  stage  they  eat  animal  food,  and  vegetables  when  they 
arrive  at  their  perfect  state. 

Insects  maintain  the  balance  among  the  species  of  the  vegetable 
creation  by  preventing  the  tendency  that  plants  have  to  encroach 
on  one  another.  The  sti'onger  v?ould  extirpate  the  weaker,  and  the 
larger  would  destroy  the  smaller,  were  they  not  checked  by  insects 
which  live  on  vegetables.  On  the  other  hand,  many  plants  wordd 
be  extirpated  by  insects  were  these  not  devoured  by  other  insects.^ 

Insects  increase  in  nimiber  of  species  and  variety  of  forms  from' 
the  poles  to  the  equator:  in  a  residence  of  11  months  in  Melville 
Island,  Sir  Edward  Parry  found  only  6  species,  because  lichens 
and  mosses  do  not  aflbrd  much  nourishment  for  the  insect  tribes, 


1  The  great  division  of  the  animal  kingdom  of  the  Arthrnpodti,  to  which 
insects  belong,  consists  of  the  following  four  classes,  the  tirst  three  breath- 
ing by  air-vessels  (tracheifi)  or  air-poiiches  : — 

1.  Insects. — Head  distinct;  three  divisions  of  the  body,  viz.  head,  thorax, 

and  abdomen  ;  three  pairs  of  legs  and,  in  general,  one  or  two  pairs  of 
wings. 

2.  31yriapocla.—B.ead  distinct  ;  24  or  more  pairs  of  legs,  no  wings. 

3.  Araclmida  or  Spiders.— Four  pairs  of  legs,  head  and  thorax  united,  no 

antennas  or  feelers,  no  wings. 

4.  Crustacea,  as  Crabs,  Lobsters,  &c.— Respiration  by  means  of  branchiae  or 

gills,  and  in  general  aquatic,  five  or  seven  pairs  of  legs. 

2  Perhaps  one  of  the  greatest  checks  on  the  propagation  of  insect  life  is 
from  insects  themselves,  many  species  depositing  their  eggs  on  the  larvtc 
of  others,  which  in  their  development  destroy  the  animal  on  which  they 
have  been  deposited.  That  most  destructive  insect  to  the  vine,  the  Pyralis 
vitis,  is  a  very  remarkable  instance  of  this,  some  dozen  species  of  insects 
depositing  their  eggs  on  it  in  its  incomplete  state,  tlius  keeping  down  the 
number  of  one  of  the  greatest  plagues  in  wine  producing  countries. 
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though  it  is  probable  that  every  other  kind  of  plant  gives  food  and 
shelter  to  more  than  one  species  ;  it  is  even  said  that  40  different 
insects  are  quartered  upon  the  common  nettle.  Beetles  are  pro- 
bably an  exception  to  the  law  of  increase  towards  the  equator,  as 
they  seem  to  be  more  niimeroiis  in  species  in  the  temperate  regions 
of  both  hemispheres  than  in  tropical  countries.  The  location  of 
insects  depends  upon  that  of  the  plants  which  yield  their  food ; 
and,  as  almost  each  plant  is  peopled  with  inhabitants  peculiar  to 
itself,  insects  are  distributed  over  the  earth  in  the  same  manner  as 
vegetables  ;^  the  groups,  consequently,  are  often  confined  within 
narrow  limits,  and  it  is  extraordinary  that,  notwithstanding  their 
powers  of  locomotion,  they  often  remain  within  a  particular  com- 
pass, though  the  plants,  and  all  other  circumstances  in  their  imme- 
diate vicinity,  appear  equally  favourable  for  their  habitation. 

§  2.  Different  insects  under  the  same  parallels  of  lati- 
tude ;  barriers  to  distribution  of  insects,  ic— The  insects  of 
N.  Asia  belong  to  a  great  extent  to  the  same  genera  as  those 
of  Em-ope ;  those  of  the  United  States  differ  specifically  from 
Em-opean  species,  though  they  often  approach  very  near  to  the 
same  forms.  South  America  is  as  peculiar  in  its  insect  fauna  as  it 
is  in  its  mammalia,  and  the  tropical  portion  has  a  distinct  set  of 
forms  from  that  of  its  S.  extremity.  The  opposite  tropical  zone 
of  Afi-ica  differs  widely  in  the  same  respect  from  South  America 
although  not  much  inferior  in  the  number  and  variety  of  its  species 
and  genera.  In  fact,  under  the  same  parallel  of  latitude,  countries 
similar  in  soil,  climate,  and  all  other  circumstances  present  the 
most  striking  differences  in  their  insect  tribes,  even  in  those  that 
live  on  animal  substances. 

Though  insects  are  distributed  in  certain  limited  ^roups  yet 
most  of  the  families  have  representatives  in  aU  the  great  regions  of 
the  globe,  and  some  identical  species  are  inhabitants  of  countries 
far  from  one  another.  The  Pyrameis  cardui,  or  'Painted  Ladv 
Buttei-fly,  ranges  almost  all  over  the  world ;  and  beino-  a  species 
which  never  could  have  been  conveyed  by  man,  its  wide  distribution 
must  be  due  to  its  great  powers  of  migration.  The  number  of 
species  of  similar  extended  distribution  is  very  limited,  as  species 
and  genera  here,  as  in  the  larger  animals,  are  confined  to  defi- 
nite areas.  Being  immensely  more  abundant  and  more  definite  in 
their  specific  characters,  insects,  as  massed  in  large  coUections, 
afford  clearer  indications  of  the  geographical  limits  of  faunas 
and  the  biological  character  of  countries  than  any  other  class  of 

Mountam  chaim  are  a  complete  barrier  to  insects,  even  more 
so  than  rivers  :  not  only  lofty  mountains  like  the  Andes  divide 
the  kinds,  but  they  are  even  different  on  the  two  sides  of  the 
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Col  de  Tende  in  the  Alps.  As  -with  plants,  they  have  their  area 
of  distribution  and  within  the  area  their  peculiar  station  or  locality 
in  which  they  are  found.  Thus  each  soil  has  kinds  peculiar  to 
itself,  whether  dry  or  moist,  cultivated  or  wild,  meadow  or  forest. 
Stagnant  water  and  marshes  have  their  separate  species ;  some 
live  in  water,  some  run  on  its  surface,  and  every  water  plant 
affords  food  and  shelter  to  many  different  kinds.  Insects  some- 
times multiply  suddenly  to  an  enormous  extent,  and  decrease  as 
rapidly  and  as  unaccountably. 

Temperature,  by  its  influence  on  vegetation,  ha?  an  iiidh-ect 
efl'ect  on  the  insects  that  are  to  feed  upon  plants,  and  extremes  of 
heat  and  cold  have  more  influence  on  their  localisation  than  the 
mean  annual  temperature.  Thus  in  the  polar  regions  the  mosquito 
tribes  are  more  numerous  and  more  annoying  than  iu  temperate 
climates,  because  they  pass  their  early  stages  of  existence  in  water, 
which  shelters  them,  and  the  short  but  hot  summer  is  genial  to 
their  brief  span  of  life. 

In  some  instances  height  produces  the  same  effect  in  the  distri- 
bution of  insect  life  as  difference  of  latitude.  The  Parnassius 
Apollo,  a  butterfly  native  in  the  plains  of  Sweden,  is  also  found  in 
the  Alps  and  the  Pyrenees  ;  and  two  or  three  closely  aUied  species 
in  the  Himalayas.  The  Parnassius  Smintheus,  true  to  the  habitat  of 
the  genus,  is  confined  to  the  Ptocky  Mountains  of  North  America- 
Some  insects  require  several  years  to  arrive  at  their  full  develop- 
•  ment ;  they  lie  buried  in  the  ground  in  the  form  of  grubs :  the 
cockchafer  takes  three  years  to  reach  its  perfect  state,  and  some 
American  species  require  a  much  longer  time. 

§  3.  Conditions  of  development  of  insects. — Insects  do  not 
attain  their  perfect  development  till  the  plants  they  are  to  feed 
upon  are  in  a  state  to  afford  them  habitation  and  nom-ishment. 
Hence  in  cold  and  temperate  climates  their  appearance  is  simul- 
taneous with  vegetation ;  and  as  the  rainy  and  dry  seasons  within 
the  tropics  correspond  to  our  winters  and  summers,  insects  appear 
there  after  the  rains  and  vanish  in  the  hot  months  ;  the  rains,  if  too 
violent,  destroy  them ;  and  in  countries  where  that  occurs  there 
are  two  periods  in  the  year  in  which  they  are  most  abundant — one 
before  and  one  after  the  rains.  It  is  also  observed  in  Europe  that 
insects  decrease  dming  the  heat  of  summer  and  become  moi-e  nu- 
merous in  autumn :  the  heat  is  thought  to  throw  some  into  a  state 
of  torpor,  but  the  greater  number  perish. 

When  a  plant  is  taken  from  one  country  to  another  in  which  it 
has  no  congeners,  it  is  not  attacked  by  the  insects  of  the  country ; 
thus  our  cabbages  and  carrots  in  Cayenne  are  not  injured  by  the 
insects  of  that  country,  and  the  tulip  tree  and  other  magnolias  are 
not  molested  by  our  insects ;  but  if  a  plant  has  congeners  in  a 
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new  coimtiy,  the  insect  inhabitants  will  generally  soon  find  their 
way  to  the  sti'anger. 

§  4.  Insects  which  are  most  universally  distributed. — 

The  Common  Fly  is  one  of  the  most  universally  distributed  insects  : 
it  was  unknown  in  some  of  the  South  Sea  Islands  till  it  was 
carried  there  from  Em-ope,  where  it  has  now  become  a  real  plague 
in  many  places. 

Mosquitoes,  Gnats,  or  Culices  are  spread  over  the  world  more 
generally  than  any  other  tribe  of  insects  ;  they  are  the  torment  by 
night  and  by  day  of  men  and  animals  from  the  poles  to  the  equa- 
tor ;  the  species  are  numerous  and  their  location  partial.    In  the 
arctic  regions  the  Oulex  pipiens,  which  passes  two-thirds  of  its 
existence  in  water,  swarms  dming  the  summer  in  myriads :  the 
Lake  Myvatn,  in  Iceland,  takes  its  name  from  the  legions  of  these 
tormentors  that  cover  its  surface.     They  are  less" numerous  in 
Central  Em-ope,  though  one  very  smaU  species  of  mosquito,  the 
Simulium  Oolumbachense,  appears  in  such  clouds  in  parts  of 
Hungary,  that  it  is  not  possible  to  breathe  without  swallowino-  them 
m  numbers :  even  cattle  and  childreii  have  been  killed  by°them. 
In  Lapland  there  is  a  plague  of  the  same  Mnd.    Of  aU  places  on 
earth,  however,  the  banks  of  the  Orinoco  and  of  other  great  river« 
of  tropical  America  are  the  most  infested  by  this  plao-ue  The 
account  given  by  Humboldt  is  really  fearful:  at  no  season 'of  the 
year,  at  no  horn-  of  the  day  or  night,  can  rest  be  found  •  whole 
districts  m  the  Upper  Orinoco  are  deserted  on  account  of  thes6 
insects.    Different  species  succeed  one  another  with  such  regularity 
that  the  time  of  day  or  night  may  be  known  from  their  hummino- 
noise,  and  from  the  different  sensations  of  pain  which  their  several 
poisons  produce.    The  only  respite  is  the  interval  of  a  few  minutes 
between  the  departure  of  one  gang  and  the  arrival  of  their  successors 
for  the  species  do  not  mix.    On  some  parts  of  the  Orinoco  the  ai^ 
IS  one  dense  cloud  of  poisonous  insects  to  the  height  of  20  ft  It 
IS  singular  that  they  do  not  infest  rivers  that  have  dark  coloured 
waters:  each  clear  stream  is  peopled  with  its  own  particular  kinds  • 
though  ravenous  for  blood,  they  would  appear  to  be  able  to  exist 
without  It,  as  they  are  found  in  situations  where  no  animals  exist. 

I^.^  Me-Jiy,  peculiar  to  certain  definite  areas  in  S.  tropical 
Africa,  IS  fatal  to  cattle ;  it  is  not  found  more  to  the  N.,  but  two 
veiy  poisonous  flies  infest  the  forests  of  W.  tropical  Africa 

§5.  Honey  Bees,  Pire  Plies,  Scorpions,  Ants,  and  Spiders. 
-The  common  Honey  Bee  is  the  European  insect  most  directlv 
useful  to  man ;  it  was  introduced  into  North  America  not  many 
years  ago,  is  now  spread  over  the  new  continent,  and  is  naturalised 
over  Australia  and  New  Zealand.  Several  species  of  the  ame 
genus  are  found  m  S.  Asia,  but  true  honey  bees  are  unknown  L 
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South  America  and  Australia,  where  their  place  is  occupied  by 
small  stintless  bees  of  an  allied  genus,  producing  inferior  honey 
and  wax. 

Fire  Flies  are  mostly  tropical,  yet  there  are  four  species  in 
Europe ;  in  South  America  there  are  many  species,  and  so  bril- 
liant that  their  pale  green  light  is  seen  at  the  distance  of  200 
paces  :  a  Scolopendra,  or  Centipede,  in  Asia,  is'as  luminous  as  the 
glowworm,  and  one  in  France  is  so  occasionally. 

The  Silhioorm  was  originally  introduced  from  China,  from 
which  country  and  from  N.  India  several  allied  species  have 
been  brought  to  Europe  of  late  years  with  a  view  to  utilising  them 
in  the  production  of  silk.  Some  silkworms,  as  the  Tusseh  from 
N.  India,  produce  a  coarser  thread,  adapted  for  inferior  fabrics ; 
the  Yama  mai  silkworm  has  been  recently  introduced  into  this 
countrv  and  into  Prussia  from  Japan.  The  Cochineal  insect  is 
a  native  of  tropical  America  ;  there  are  many  species  of  it  in  other 
countries  ;  the  Coccus  lacca  is  Indian,  the  Coccus  ilicis  lives  in  S. 
Europe,  and  there  is  one  in  Poland. 

Scoi-jnons  under  vaiious  forms  are  found  in  aU  warm  climates  ; 
two  or  three  species  are  peculiar  to  Europe,  but  they  are  small  in 
comparison  with  those  of  tropical  coimtries ;  one  in  Brazil  is  6 
inches  long.  As  in  the  case  of  mosquitoes,  the  poison  of  tl^e  same 
species  is  more  active  in  some  situations  than  in  others.  At 
Cumana  the  sting  of  the  scorpion  is  little  feared,  while  that  of  the 
same  species  in  Carthagena  will  produce,  amongst  other  eflPects, 
loss  of  speech  for  many  days. 

Ants  of  different  kinds  are  universally  distributed.  Near  gi-eat 
rivers  they  build  their  nests  above  the  line  of  the  annual  inunda- 
tions. The  insects  called  white  ants,  belonging  to  a  different 
order,  are  so  destructive  to  paper  and  clothing  in  South  America, 
that  Humboldt  says  there  is  not  a  manuscript  in  that  countiy  100 
years  old.^ 

There  are  upwards  of  1500  known  species  of  Spidefs,  and  of 
their  allied  arachnidse  ;  each  country  has  its  own,  varying  in  size, 
colour,  and  habits,  from  the  huge  bird-catching  spider  of  South 
America  to  the  almost  invisible  European  gossamer  floating  in  the 
air  on  its  silvery  thread.  Many  of  this  ferocious  family  are  aqua- 
tic •  and  spiders,  with  some  other  insects,  are  said  to  be  the  first 
inhabitants  of  new  islands. 

§  6.  Migration  of  Insects.— The  migration  of  insects  is  one 
of  the  most  curious  circmustances  relating  to  them :  they  some- 
times appear  in  great  flights  in  places  where  they  never  were  seen 

1  At  La  Kochelle  and  some  other  parts  ot  France  a  species  of  these 
destructive  insects  has  become  very  abundant  of  late  years. 


Chap.  XXX.  MIGKATION  OF  INSECTS.  421 

before,  and  they  continue  their  course  with  a  perseverance  that 
nothino-  can  check.  This  has  been  observed  in  the  migration  ot 
creeping  insects :  caterpiUars  have  attempted  to  cross  a  stream. 
Countries  near  deserts  are  most  exposed  to  the  invasion  of  locusts, 
which  deposit  their  eggs  in  the  sand,  and  when  the  young  are 
hatched  by  the  sun's  heat  they  emerge  from  the  ground  without 
wings,  but  as  soon  as  they  attain  maturity  they  obey  the  impulse 
of  the  first  wind,  and  fly,  under  the  guidance  of  a  leader,  in  a 
mass  so  dense  that  it  forms  a  cloud  in  the  air,  and  the  sound  of 
their  wings  is  like  the  murmur  of  the  distant  sea.  They^  take 
immense  flights,  crossing  the  Mozambique  Channel  from  Africa  to 
Madagascar,  which  is  120  m.  broad :  they  come  from  Barbary  to 
Italy,  and  a  few  have  been  seen  to  reach  Scotland,  Even  the 
wandering  tribes  of  locusts  differ  as  to  species  in  different  deserts, 
following  the  universal  law  of  organised  natui-e.  Insects  not 
habitually  migratory  sometimes  migrate  in  great  numbers.  In 
1847,  and  again  in  1869,  lady  birds  (or  OoccineUse)  and  the  bean 
aphis  arrived  in  immense  numbers  at  Ramsgate  and  Margate  from 
the  continent  in  fine  calm  weather,  and  a  mass  of  the  Pyrameis 
cardui  flew  over  a  district  in  a  column  from  10  to  15  yards  wide 
for  two  hours  successively.  Why  these  butterflies  should  simul- 
taneously take  wing  in  a  flock  is  unaccountable  had  it  been  for 
want  of  food  they  would  probably  have  separated  in  quest  of  it. 
In  1847  the  cabbage  butterfly  passed  in  clouds  from  the  coast  of 
France  to  England.    Dragon  flies  migrate  in  a  similar  manner. 

§  7.  Infusoria. — Professor  Ehrenberg  discovered  a  new  world 
of  creatures  in  the  Infusoria,  so  minute  that  they  are  invisible  to 
the  naked  eye.  He  found  them  in  fog,  rain,  and  snow,  in  the 
ocean,  in  stagnant  water,  in  animal  and  vegetable  juices,  in  vol- 
canic ashes  and  pumice,  in  opal,  in  the  minute  dust  that  sometimes 
falls  on  the  ocean ;  and  he  detected  18  species  20  ft.  below  the 
sm'face  of  the  groimd  in  peat  bog,  which  was  full  of  microscopic 
live  animals  :  they  exist  in  ice,  and  are  not  killed  by  boiling 
water.  While  inquii-ing  into  the  causes  of  the  cholera  which 
prevailed  at  Berlin  in  1848,  M.  Ehrenberg  discovered  400  species 
of  living  microscopic  animalcules  in  different  strata  of  the  atmo- 
sphere, so  that  the  air  is  analogous  in  the  distribution  of  its  in- 
habitants to  the  ocean,  which  has  marine  animals  peculiar  to 
different  depths.  These  wonderful  revelations  have  been  since 
confirmed  by  various  investigators,  and  more  especially  by  the 
ingenious  and  exhaustive  experiments  and  observations  of  M. 
Pasteur,  who  has  demonstrated  how  diflicult  it  is  to  exclude  even 
the  germs  of  life  which  everywhere  abound  in  the  atmosphei'Q. 
This  lowest  order  of  animal  life  is  much  more  abundant  than  any 
other,  and  new  species  are  found  every  day.    Examined  by  the 
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microscope  they  seem  to  consist  of  a  transparent  vesicle,  and  some 
iiave  a  tail :  they  move  with  great  rapidity,  and  show  a  certain 
mstmct  by  avoiding  obst£u:les  in  their  course  ;  others  have  siUcious 
shells  Language,  and  even  imagination,  -fails  in  the  attempt  to 
describe  the  inconceivable  myriads  of  these  invisible  inhabitants  of 
the  air  and  the  earth  ;  they  have  been  brought  up  alive  from  enor- 
mous depths  at  sea,  and  vast  plains  of  the  ocean  bed  consist  of  their 
remains. 


CHAPTEE  XXXI. 

DISTRIBUTTOIf  OF  FISHES,  MOLLTTSCA,  INFUSORIA,  AND  MAMNE 

MAMMALIA. 

§  1.  Cbaracter  and  Distribution  of  Marine  rauna. — The 

marine  faima  depends  upon  the  heat  and  light  of  the  sun,  therefore 
it  is  rich  in  infinitely  varied  forms  of  being  and  brilliancy  of 
colouring  between  the  tropics,  both  of  which  gradually  diminish  in 
exuberance  to  the  polar  oceans,  where  the  colouring  is  dull,  the 
niunber  of  species  few,  but  the  individuals  of  each  species  exceed- 
ingly abundant.  The  marine  fauna  varies  also  with  the  depth, 
decreasing  in  number  and  variety  of  species  from  tlie  sui-face 
downwards,  where  the  water  is  colder,  so  that  each  depth  has  a 
corresponding  latitude  of  the  same  temperature  in  which  the  species 
are  either  the  same  or  representative.  This  is  analogous  to  what 
is  observed  on  land,  where  the  temperature  of  the  air  decreases 
with  the  height  above  the  surface  of  the  sea,  while  in  the  ocean 
the  temperature  of  the  water  decreases  with  the  depth  below  it. 

The  fauna  of  the  ocean  consists  of  Marine  Mammalia,  Fishes, 
Mollusca,  Annulosa,  Zoophytes,  and  Corallines.  These  are  dis- 
tributed in  nine  belts  which  surround  the  globe,  each  of  which, 
being  under  nearly  the  same  circumstances  as  to  climate,  has  in  its 
different  parts  either  the  same  or  representative  species,  and  there- 
fore it  is  said  to  be  Homozoic'  The  intertropical  ocean  forms  the 
central  homozoic  belt ;  it  has  4  others  on  each  side,  of  which  those 
at  equal  distances  N.  and  S.  have  faunas  mutually  representative  ; 
the  two  last  belts  are  the  circumpolar  oceans.  The  lines  which 
bound  the  homozoic  belts  are  climatal,  and  nearly  correspond 
with  the  isothermal  lines  on  land,  so  they  are  neither  parallel  to 
one  another,  nor  do  they  coincide  with  the  parallels  of  latitude, 


1  K.  Johnston's  '  Physical  Atlas.' 
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but  are  iindulating  from  the  effect  of  the  warm  and  cold  currents 
wliicli  come  from  the  tropical  and  polar  oceans.  The  fauna  of 
pai-t  of  the  southern  oceans  is  as  yet  very  imperfectly  known ; 
that  of  the  North  Pacific,  and  especially  of  the  North  Atlantic, 
has  heen  carefully  studied,  hoth  as  to  extension  and  depth. 

§  2.  Description  and  Classitication  of  rishes.— Fishes, 
properly  so  called,  advance  in  the  water  by  means  of  their  flexible 
bodies  and  tail;  the  upper  fins  serve  to  balance  them,  and  the 
lower  ones  assist  them  in  turning,  and  also  enable  them  to  move 
slowly  and  to  maintain  themselves  suspended  and  steady  in  a 
strong  current.  When  in  rapid  motion  their  fins  are  folded  close 
to  the  body  in  ord.er  to  ofier  no  resistance  to  the  water.  In  flat 
fish,  however,  and '  all  those  that  are  broad  horizontally,  the  fins 
aid  considerably  in  their  progressive  motion.  Most  fishes  are 
provided  with  an  air  vessel,  or  swimming  bladder,  which  they  can 
compress  or  expand  when  they  wish  to  sink  down  or  rise  to  the 
surface,  but  it  is  nearly  wanting  or  rudimentary  in  such  species  as 
live  at  the  bottom  of  the  sea  and  rarely  or  never  come  to  the 
surface.  It  is  altogether  wanting  in  the  Eemora,  which  has  an 
apparatus  for  attaching  itself  to  other  fishes,  chiefly  difiere^t 
species  of  shark,  and  is  carried  about  by  them.  The  senses  of 
seeing,  hearing,  and  smelling  are  very  acute  in  fishes,  and  most 
that  live  in  deep  water  have  very  large  eyes  in  ord^r  to  collect 
and  concentrate  the  small  portion  of  light  that  can  penetrate  so 
far.i 

§  3.  Belts  of  Distribution. — The  Arctic  Ocean  is  the  first  of 
the  great  zones  into  which  it  is  convenient  to  class  the  distribution 
of  marine  animals.  Its  southern  boundary  is  mainly  determined 
by  the  direction  and  flow  of  cold  currents.  Its  greatest  breadth  is 
between  the  Pole  and  the  Gulf  of  St.  Lawrence,  and  includes  the 
Banks  of  Newfoundland,  while  its  least  extension  is  between  the 
Pole  and  the  extreme  north  of  Scandinavia.  The  genera  are  not 
very  numerous  in  this  great  ocean.  But  the  most  remarkable 
feature  of  this  belt  is  the  enormous  shoals  of  the  genus  Gadus  or 
cod  that  crowd  the  banks  of  Newfoundland.  The  cold  current 
fi-om  the  E.  coast  of  Greenland,  which  unites  with  that  from 


1  The  skeletons  of  fishes  are  composed  either  of  bone  or  cartilage  ;  hence 
Cuvier's  division  of  the  finny  tribe  into  osseous,  or  bony,  and  cartilaginous 
fishes.  The  fins  are  formed  of  spines  or  rays  of  bone  united  more  or  less 
by  a  thin  web  or  membrane  ;  some  are  hard  and  others  soft ;  the  bony 
fishes  are  subdivided  into  hard-finned  or  Acantlwjjtcri/gians,  as  the  perch, 
mullet,  mackerel,  &c.,  and  the  soft-finned  or  Malacoptevygians,  as  the 
salmon,  herring,  pike,  carp,  cod,  flat  fishes,  eels,  &c.  The  cartilaginous 
fishes,  or  Chondropterygians,  include  the  genera  of  the  sturgeons,  sharks, 
skates,  lamprey,  sun-figh,  diodons,  &c. 
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Davis  Strait  and  runs  along  the  American  coast  inside  the  Gulf 
feti-eam,  18  the  highway  by  which  these  myriads  of  cod  annuallv 
arrive  The  quantity  is  so  great  that  as  many  as  half  a  million 
liave  been  taken  m  a  week  by  one  vessel.  * 

The  second  Homozoic  or  Boreal  belt,  extends  along  the  whole  of 
the  Jsorwegian  coast,  includes  nearly  all  Iceland' and,  on  the 
American  side,  stretches  along  the  coast  of  Maine  to  Cape  Cod 
in  Massachusetts.    It  is  owing  to  the  cold  arctic  current  which  is 
of  a  much  lower  temperature  than  the  Ocean,  and  several  degrees 
below  that  of  the  Gulf  Stream,  that  the  markets  of  all  the  maritime 
towns  of  the  United  States,  from  Maine  to  Florida,  are  supplied 
with  such  a  variety  and  abmidance  of  excellent  fish,  while  those 
m  the  Gulf  Stream  are  very  inferior  on  account  of  its  warmth 
for  as  a  general  rule  the  best  fish  for  the  table  live  in  cold  water. 
_     The  Celtic  bdt  stretches  along  the  Virginian  coast  on  the  W  • 
It  includes  the  seas  around  the  British  Islands,  from  Shetland  to 
the  V  parts  of  the  Bay  of  Biscay,  as  well  as  the  North  Sea  and 
the  Baltic.    The  British  Islands  lie  between  two  great  province? 
of  fishes,  one  on  the  S.,  the  other  on  the  N.,  from  each  of  which 
ve  have  occasional  visitors.    The  tunny,  torpedo,  pilot  fishes, 
and  various  species  of  sharks,  come  at  times  from  our  south- 
ern neighbourhood,  and  some  years  ago  a  great  number  of  tbe 
tropical  Bonito  and  Albicore  arrived  by  the  Gulf  Stream,  off  the 
coasts  of  Cornwall  and  Devonshire,  committing  ^reat  devastations 
among  the  shoals  of  pilchards.    In  the  month  of  February  enor- 
mous quantities  of  cod  arrive  from  the  N.,  along  the  coast  of 
Norway ;  tbe  shoals  are  often  many  yards  deep,  and  so  closely 
crowded  together  that  the  sounding  lead  can  hardly  pass  between 
them;  16,000,000  have  been  caught  in  one  place  in  a  few  weeks. 
These  shoals  are  on  their  way  to  the  Dogger  Bank,  a  rich  fishing 
ground  in  the  North  Sea,  from  whence  the  markets  of  England 
and  N.  France  are  supplied  with  a  great  variety  of  excellent 
fish.    But  the  group  of  fish  peculiarly  British  ]:as  its  centre  in 
the  Irish  Sea;  it  is,  however,  mixed  with  others  from  the  seas 
bounding  the  western  shores  of  Central  Em-ope,  which  form  a 
distinct  group.    Herrings  are  characteristic  of  the  British  seas. 
They  come  in  winter  and  are  extremely  capricious,  frequenting 
a  place  in  enormous  quantities  for  a  few  years,  and  then  forsaking 
it  and  going  elsewhere  :  this  was  particularly  the  case  in  the  Firth 
of  Forth  in  the  early  part  of  the  present  century  ;  however,  thev 
are    always   exceedingly  abundant  in  the  seas  that  surround 
Ireland  and  Scotland.^    The  Bay  of  Dublin  is  celebrated  for  its 


1  Recent  investisfations  go  far  to  prove  that  the  herring  is  not  migratory, 
but  remains  mostly  at  tlie  bottom  of  the  sea  during  certain  months,  and 
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haddocks — a  fish  found  everywhere  in  our  seas ;  and  great  shoals 
of  pilchards  and  mackerel  visit  the  Devoushii'e  and  Cornish 
coasts  at  different  seasons  of  the  year,  being  among  the  number  of 
gregarious  and  migrating  fishes.  Wherever  the  sea  bed  is  of  sand 
or  mud  roimd  our  coasts,  there  turbot,  soles,  and  other  flat  fish 
abound. 

The  Common  Salmon  does  not  exist  south  of  45°  N.  lat.  on  the 
E.  coast  of  America,  and  it  is  probably  confined  within  similar 
limits  on  the  E.  coast  of  Asia.  It  is  said  to  be  an  inhabitant  of 
all  the  N.  parts  of  the  Old  World,  from  the  entrance  of  the 
Bay  of  Biscay  to  North  Cape,  and  along  the  arctic  shores  of  Asia 
and  Karatschatka  to  the  Sea  of  Okhotsk,  including  the  Baltic, 
White  Sea,  Gulf  of  Kara,  and  other  inlets.  Other  species  of  the 
salmon  tribe  are  plentiful  in  the  estuaries  of  the  rivers  in  Kamt- 
schatka  and  on  the  opposite  coast  of  America  as  far  S.  as  Oregon, 
but  they  do  not  appear  to  extend  to  China.  These  delicious  fish 
are  found  in  vast  numbers  in  the  rapid  streams  of  British  Columbia 
and  Vancouver  Island,  and  in  the  season  they  aftbrd  the  chief 
sustenance  to  the  Indians  of  those  countries.  Sabiion  is  so  far  a 
sea  fish  that  it  only  goes  up  rivers  to  spawn,  and  if  by  chance  it 
is  prevented  from  returning  to  the  sea  it  becomes  sickly.  They 
make  extraordinary  leaps  over  impediments  of  rocks  and  walls  m 
order  to  reach  a  suitable  place  to  deposit  their  eggs.  Salmon  is 
entirely  a  cold  water  fish,  and  the  plan  of  depositing  its  spawn  in 
rivers  which  salmon  have  not  hitherto  frequented  succeeds  where 
these  rivers  empty  themselves  into  a  cool  sea ;  where  they  flow 
into  a  warm  one,  the  fish  may  live,  but  will  be  found  very  in- 
different for  the  table. 

In  the  three  preceding  belts  of  marine  life  the  species  have 
been  the  same  on  both  sides  of  the  Atlantic,  but  that  is  no  longer 
tne  case  S.  of  44°  N.  lat.,  partly  on  account  of  the  depth  of  that 
ocean  and  also  from  the  absence  of  islands.  The  Lmitcmian  or 
Sjmmsh  belt  embraces  the  Bay  of  Biscay,  the  seas  on  the  W.  coasts 
of  Spam  and  Africa,  so  far  as  the  Azores,  and  extends  W.  to  the 
Canaries.  Pilchards  abound  in  the  Bay  of  Biscay,  and  in  other 
places  there  are  numerous  species  of  mullet  near  the  mouths  of 
nvers ;  m  general  the  fauna  is  similar  to  that  in  the  Mediterranean. 

§  4.  Species  of  European  Tisnes.— The  late  Prince  Charies 
J^ucien  Bonaparte  has  shown  that  there  are  853  species  of  Euro- 
pean fish,  of  which  210  live  in  fresh  water,  643  are  marine,  and 
bU  ot  the  latter  go  up  rivers  to  spawn:  444  of  the  marine  species 

comes  to  the  surface  at  the  spawning  senson.    In  evidence  of  this,  herrin-rs 

vmZ  °'    ^^^^    ''''  c-"--' 
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inbaWt  the  Mediterranean,  21 G  are  found  off  tbe  British  coasts, 
and  171  are  peculiar  to  the  Scandinavian  seas  ;  so  that  the  Medi- 
terranean is  richest  in  variety  of  species.  In  it  there  are  several 
peculiar  sharks,  the  sword  fish,  dolphins,  anchovies,  and  numerous 
species  of  the  scomber  or  mackerel  tribe ;  one  of  the  largest  of 
which,  indeed,  of  all  edible  fish,  is  the  tunny,  for  which  fisheries 
of  great  commercial  importance  are  established  on  the  southern 
coasts  of  France,  in  Sardinia,  Elba,  the  Strait  of  Messina,  and  tlie 
Adriatic.  Numerous  species  of  skate  or  i*ay  are  particularly 
characteristic  of  this  sea,  especially  the  torpedoes,  which  have  the 
power  of  producing  a  galvanic  shock,  and  even  emitting  under 
certain  circumstances  an  electric  spark. 

The  Mediterranean  furnishes  only  two  or  three  American  species, 
a  few  in  common  with  the  Red  Sea,  and  a  smaller  niunber  still 
seem  to  be  Indian.  Some  of  these  species  had  probably  entered 
the  Mediterranean  before  it  was  separated  from  the  Red  Sea  by  the 
Isthmus  of  Suez,  for  geological  changes  have  had  very  great  in- 
fluence on  the  distribution  of  fishes  everywhere.  Although  the 
communication  with  the  Black  Sea  is  so  direct,  there  are  only  27 
species  common  to  it  and  the  Mediten-anean,  no  doubt  on  account  of 
difierence  of  temperature  in  the  water.  The  Black  Sea  forms  a  dis- 
trict by  itself,  having  its  own  peculiar  ichthyology  ;  and  the  fishes 
of  the  Caspian  Sea  differ  entirely  from  those  in  every  other  part  of 
the  globe.  Madeira,  insulated  amid  a  great  expanse  of  ocean,  has 
many  peculiar  species  ;  they  amount  in  number  to  half  of  those 
in  Britain,  and  nearly  as  many  are  common  to  Britain  and  Madeira 
as  to  that  island  and  the  Mediterranean,  so  that  many  of  our  fish 
have  a  wide  range  in  the  Atlantic.  The  temperature  of  the  Medi- 
terranean is  too  high  to  furnish  good  fish  for  the  table ;  the  best 
are  indififerent  when  compared  with  those  of  our  more  northern 
latitudes. 

§  5.  The  Pacific  Belt ;  Effect  of  Currents  on  the  Distri- 
hution  of  rishes.— Dr.  Richardson  has  found  that  there  is  one 
great  homozoic  belt  in  the  Pacific,  extending  42°  on  each  side  of 
the  equator,  between  the  meridians  including  Australia,  New 
Zealand  and  the  Malay  Archipelago,  China,  and  Japan,  m  which 
the  genera  are  the  same;  but  at  its  exti-emities  the  arctic  and 
antarctic  genera  are  mingled  with  the  tropical  forms.  IMany 
species,  however,  which  abound  in  the  Indian  Ocean,  range  as  far 
N.  as  Japan,  which  no  doubt  travel  by  the  Japanese  current  which 
gets  in  that  dii-ection.  The  middle  portion  of  this  belt  is  vastly 
extended  in  longitude,  for  very  many  species  of  the  Red  Sea,  the 
eastern  coast  of  Africa,  and  the  INIauritius,  range  to  the  Indian  and 
China  Seas,  to  those  of  North  Australia,  and  through  all  the  Poly- 
nesian waters  ;  in  this  immense  belt,  which  embraces  three  fourths 
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of  the  circumference  of  the  globe  and  60  degrees  of  latitude,  the 
fish  are  very  nearly  alike,  the  continuous  chains  of  islands  in  the 
Pacific  heing  faTouralole  to  their  dispersion.    They  are  remarkable 
for  extreme  beauty  of  coloming,  which  they  owe  to  the  light  and 
heat  of  a  tropical  sun,  but  on  account  of  the  high  temperature  of 
the  water  they  are  of  little  yalue  as  objects  of  food.    In  the  North 
Pacific  the  generic  forms  differ  from  those  in  the  Atlantic  and,  as 
in  that  ocean,  they  increase  in  numbers  and  variety  with  the  lati- 
tude.    From  the  near  approach  of  the  American  and  Asiatic 
coasts  at  Behring  Strait,  the  fish  on  both  sides  are  nearly  alike 
down  to  the  Sea  of  Okhotsk  on  one  side,  and  to  Admiralty  Inlet  on 
the  other.    The  Sea  of  Japan  and  the  neighbouring  coasts  of  China 
are  frequented  by  fishes  having  northern  forms,  which  are  there 
said  to  mingle  with  many  species  common  to  the  temperate  and 
warm  parts  of  the  ocean,  a  circumstance  entirely  dependent  on  the 
submarine  currents.    The  fisheries  on  the  coasts  of  China  and 
Japan  rival  those  on  the  banks  of  Newfoundland,  for  in  both  cases 
cold  currents  run  close  along  these  coasts  from  the  N.,  by  which 
the  fish  arrive  from,  the  higher  latitudes,  while  the  counter  current 
from  the  Pacific  Drift  brings  the  inhabitants  of  a  warmer  sea ;  but 
although  these  cun-ents  are  in  juxtaposition,  it  may  be  doubted 
whether  the  species  actually  mingle,  on  account  of  the  difi'erence 
in  temperature  of  the  two  streams. 

In  the  South  Pacific  Himiboldt's  current  brings  a  quantity  of 
excellent  fish  along  the  coasts  of  Chile  and  Peru,  even  as  far  as 
the  equator.  Species  representative  of  the  cod  and  genus  Gadus 
generally  reappear  in  the  S.  seas  veiy  like  those  in  the  northern, 
and  the  sharks  of  the  China  seas  are  for  the  most  part  identical 
with  those  of  Australia ;  the  cartilaginous  fish  to  which  the  latter 
belong  have  a  much  wider  range  than  most  of  the  others ;  however. 
6  genera  pecidiar  to  the  seas  of  very  high  S.  latitudes  range 
througbout  the  whole  circle  of  the  Antarctic  Ocean. 

No  doubt  cm-rents  are  the  highways  of  the  ocean  by  which 
warm  water  fish  may  travel  to  high  latitudes,  and  cold  water 
species  to  low,  without  much  change  of  temperatm-e ;  but  the 
tropical  ocean  would  be  a  sea  of  fire  to  polar  fish,  and  yet  two  very 
remarkable  Greenland  genera,^  which  inhabit  such  deep  water  that 
they  are  seldom  met  with  except  when  thrown  up  by  a  storm, 
have  been  discovered  on  the  coasts  of  New  Zealand  and  South 
Australia.  Had  these  fish  passed  the  tropics  they  must  have 
descended  to  a  depth  of  2000  fathoms  before  they  came  to  a  tem- 
perature that  they  could  probably  endure.    If  so,  marine  creatures 
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must  be  able  to  sustain  the  enormous  pressure  of  12,000  ft.  of 
water,  which  the  late  deep  sea  soundings  show  that  they  do. 

§  6.  Fresb  Water  Fishes. — With  regard  to  fresh  water 
fishes,  most  great  systems  of  lakes  have  their  peculiar  species,  as 
Lake  Baikal ;  and  the  fishes  of  the  great  interalpine  Lake  of  Titi- 
caca,  which  amount  to  7  or  8,  belong  to  genera  only  found  in 
the  higher  regions  of  the  Andes.  In  the  North  American  lakes 
there  is  a  bony  scaled  fish,  bearing  some  analogy  to  those  of  the 
Secondary  geological  epoch;  there  are  4  species  of  perch  pecu- 
liar to  the  North  American  waters,  but  of  all  the  species,  one  only, 
the  pike,  is  absolutely  identical  with  those  of  our  European  lakes 
and  rivers ;  the  Gilaroo  trout,  whicb  is  remarkable  for  having 
a  highly  muscular  stomach,  which  has  been  compared  to  a 
bird!s  gizzard,  is  foimd  in  a  few  lakes  of  N.  Ireland  only.  The 
fresh  water  fish  of  northern  climates  are  most_  esteemed  for  the 
table. 

Each  tropical  river  has  its  peculiar  species.  The  fresh  water 
fish  of  China '  resemble  those  of  India  in  their  generic  forms,  but 
not  in  species,  and  those  of  the  Cape  of  Good  Hope,  and  South 
America  difter  from  those  of  India  and  China.  Sea  fish,  in 
immense  quantities,  frequent  the  estuaries  of  rivers  eveiywhere ; 
the  mouth  of  the  Mississippi  swarms  with  them,  and  the  quantity 
at  the  mouth  of  the  Don  in  the  Sea  of  Azof  is  prodigious. 

There  are  singular  analogies  between  the  inhabitants  of  the  sea 
and  land.  Many  of  the  Medusae,  two  Corallines,  the  Physalia  or 
Portuguese  man-of-war  of  sailors,  sting  like  a  nettle  when  touched. 
A  cuttle-fish  at  the  Cape  de  Verd  Islands  changes  colour  like  the 
chameleon,  assuming  the  tint  of  the  bottom  on  which  it  rests,  as 
do  some  of  our  fresh  water  fishes.  Herrings,  pilchards,  and  many 
other  aquatic  animals,  are  limiinous.  The  medusae,  or  sea-nettle 
tribe,  which  are  numerous  in  species,  have  also  the  faculty  of 
emitting  light.  In  warm  climates,  especially,  the  sea  seems  to  be 
on  fire,  and  the  wake  of  a  ship  is  like  a  vivid  fiame  with  the  all 
but  microscopic  Noctilucee.  These  luminous  creatures  are  the 
glow  worms  and  fire  flies  of  the  ocean,  while  the  fish  with  great 
eyes  that  live  in  its  dark  abyss  represent  its  bats  and  owls.  But 
among  terrestrial  animals  there  is  nothing  analogous  to  the  pro- 
perty of  the  Gymnotus  electricus  of  certain  South  American  lakes, 
or  of  the  Silurus  electricus  of  the  African  rivers,  and  the  several 
species  of  torpedo  of  the  Mediterranean,  which  possess  the  faculty 
of  giving  an  electric  shock  by  means  of  a  very  beautiful  organic 
voltaic  apparatus  with  whicb  they  are  provided. 

§  7.  Shell    rish,    IVXollusca,  &c.  :    Various    Zones  of 
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Bepth  in  the  Ocean. — Besides  these  more  active  inhabitants  of 
the  deep,  the  ocean  is  the  ahode  of  myriads  of  living  creatures : 
shell  fish  or  mollusca,  Crustacea,  star  fish,  sea  urchins,  madrepores, 
corallines,  &c.,  &c.,  of  innumerable  families  and  species,  charac- 
teristic of  the  different  depths  and  homozoic  belts,  all  of  which 
strictly  follow  the  law  of  partial  dispersion ;  some  have  very  wide 
areas  of  habitation,  and  a  few  genera  are  nearly  cosmopolite. 

Throughout  the  whole  ocean  the  Littoral  or  First  zone  of  depth, 
is  the  space  included  between  the  high  water  mark  and  the  low.; 
hence  it  is  exceedingly  variable  ;  in  some  places,  as  in  the  Mediter- 
ranean, it  is  not  more  than  1  or  2  ft,  deep,  wJaile  in  the  Bay  of 
Fundy  it  is  60,  and  in  the  British  Channel  30  ft.  On  every 
littoral  zone  some  species  of  the  genera  Purpura,  and  Littorina  or 
Turbo,  are  to  be  met  with,  except  in  the  South  African  and  South 
Australian. 

From  the  surface  to  more  than  100  fathoms  in  the  arctic  and 
boreal  belts  there  are  five  distinct  zones  of  depth.  The  First  or 
Littoral  zone,  which  extends  to  a  depth  of  16  fathoms,  is  distin- 
guished by  the  genera  Littorina  or  Turbo,  the  Purpura  or  whelli, 
and  the  Patella  or  limpet ;  the  other  four  contain  various  kinds  of 
mollusca,  star  fish,  sea  urchins,  sponges,  corallines,  and  sea  weeds. 
The  most  remarkable  of  these  is  an  arborescent  star  fish  which 
inhabits  the  depths  of  the  North  Atlantic,  and  the  Oomatula 
Em-opsea,  belonging  to  the  stone  lily  family,  or  crinoids,  which  are 
fixed  to  the  rocks  when  yoimg,  but  become  detached  when  full 
grown ;  they  are  numerous  in  the  arctic  seas  to  the  W.  of  Spitz- 
bergen ;  one  is  met  with  in  the  Indo-Pacific  Ocean,  and  a  species 
has  been  found  in  Dublin  Bay.  They  are  the  last  representatives 
of  those  beautiful  zoophytes  which  characterised  the  oolitic  period. 
The  larger  Crustacea  are  exceedingly  numerous  in  this  belt,  espe- 
cially on  the  rocky  coasts  and  islands  of  Norway,  where  an 
extensive  fisheiy  supplies  the  English,  Dutch,  and  French  markets 
with  crabs  and  lobsters. 

The  Celtic  Belt,  which  includes  the  British  seas,  has^ve  zones  of 
depth,  each  of  which  has  its  particular  inhabitants,  consistino-  of 
shell  fish,  Crustacea,  corallines,  and  other  marine  animals.  The 
first  zone,  lying  between  high  and  low  water  mark,  is  shallow  in 
some  places  and  30  ft.  deep  in  others.  In  all  parts  of  the  N 
hemisphere  it  presents  the  same  phenomena  :  but  the  animals  vary 
with  the  nature  of  the  coast,  according  as  it  is  of  rock,  gravel,  sand 
or  mud.  In  the  British  seas  the  animals  of  this  littoral  or  coast 
zone  are  distributed  in  three  groups  that  differ  in  a  marked  manner 
from  one  another,  though  many,  as  the  whelk  and  turbo,  are 
common  to  all.  One  occupies  the  seas  on  the  S.  shores  of 
our  islands  and  both  Channels ;  a  middle  group  has  its  centre  in 


430 


PHYSICAL  GEOGRAPHY.         Chap.  XXXI. 


the  Irish  seas  and  the  adjacent  coasts  of  England  and  Ireland.  The 
second  zone  extends  from  the  low  water  mark  to  a  depth  of  from  7 
to  15  fathoms  helow  it,  and  is  crowded  with  animals  livmg  on  and 
among  the  sea  weeds,  as  moUusca,  star  fish,  sea  m-chins,  and  many 
zoophytes.  In  the  t.hird  zone,  which  is  below  that  of  vegetable 
life,  marine  animals  are  more  numerous  and  of  greater  variety.  It 
is  particularly  distinguished  by  animals  that  by  their  union  assume 
an  arborescent  form,  and  seem  to  talie  the  place  of  plants — carni- 
vorous moUusca,  together  with  large  species  of  radiata.  It  ranges 
from  the  depth  of  15  to  50  fathoms.  The/ottr^/t  zone  is  the  region 
of  more  massive  corals,  peculiar  mollusca,  and  zoophytes  that  only 
inhabit  deep  water.  This  zone  extends  to  100  fathoms,  below 
which  there  are  only  two  kinds  of  shell  fish  and  an  annelid,  or  sea 
worm,  but  it  is  probable  there  are  more  if  the  sea  were  carefully 
sounded.  Oysters  abound  in  these  seas,  as  well  as  the  mussel, 
cockle,  and  periwinkle.  The  E.  coast  of  America,  which  has  few 
shells,  has  in  this  belt  several  of  those  which  we  find  on  the 
coasts  of  Europe  ;  the  rest  are  representative.  This  Celtic  belt  has 
received  colonists  from  the  Atlantic  on  one  side,  and  from  the 
boreal  and  even  the  arctic  on  the  other.  Those  from  the  two  latter 
are  regarded  as  descendants  of  members  of  the  faima  of  this  area 
as  it  existed  before  the  Glacial  period.  The  number  of  animals  in 
the  Celtic  zone  is  very  great. 

In  the  Mediterranean  generally  there  are  Jive  zones  of  depth,  of 
which  the  first  is  a  mere  narrow  strip  along  the  coasts,  in  which 
the  creatm-es  differ  according  as  it  is  rocky  or  sandy  ;  but  the 
nearly  cosmopolite  genera  of  Purpura  and  Littorina  are  found  here 
also.  The  second  zone,  which  descends  to  15  fathoms,  abounds  in 
cuttle-fish,  and  has  some  peculiar  species  of  Echini.  The  third 
zone  is  the  region  of  sponges,  which  fonn  articles  of  commerce, 
together  with  various  corallines  and  peculiar  shells.  The  most 
remarkable  production  of  the  fourth  zone,  which  descends  to  100 
fathoms,  is  the  red  coral  used  for  ornaments ;  it  is  obtained  at  con- 
siderable depths  off  the  coast  of  Sicily  and  Sardinia,  but  chiefly 
off  the  N.  coast  of  Africa,  between  Tunis  and  Algiers,  and  in  the 
Grecian  Archipelago.  All  abound  in  living  creatures,  for  this  sea 
is  extremely  rich  and  varied  in  its  inhabitants.  The  observa- 
tions of  Professor  E.  Forbes  in  the  ^gean  Sea  were  particularly 
interesting.  He  found  that  from  the  surface  to  the  depth  of  230 
fathoms  there  are  eight  distinct  zones,  each  of  which  has  its  par- 
ticular vegetation  and  inhabitants.  The  number  of  molluscs  and 
other  marine  animals  is  greater  specifically  and  individually  betwe'en 
the  surface  and  the  depth  of  2  fathoms  than  in  all  the  7  regions 
lower  down  taken  together,  and  both  decrease  downwards  to  the 
depth  of  105  fathoms ;  between  which  and  the  depth  of  230  fathoms 
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only  8  species  of  shells  were  found.  The  changes  from  zone  to 
zone  are  not  abrupt ;  some  of  the  species  of  an  inferior  region 
always  appear  before  those  of  the  region  above  vanish  ;  and  although 
there  are  a  few  species  the  same  in  some  of  the  8  zones,  only  2  are 
common  to  all  the  eight. 

§  8.  Fauna  of  tlie  Tropical  i^tlantic  and  Indo-Pacific 
Regrions. — All  circumstances  combine  to  produce  a  rich  marine 
fauna  on  the  W.  side  of  the  tropical  Atlantic.  The  Caribbean 
province  is  the  only  part  of  that  ocean  in  which  a  region  of  coral 
reefs  exists ;  besides,  it  is  inhabited  by  mollusca,  articulata,  and 
radiata,  strikingly  representative  of  the  forms,  but  entirely  difterent 
in  species  from  those  in  the  Indo-Pacific.  The  difference  between 
the  Caribbean  assemblage  of  marine  life  and  that  in  the  Gulf  of 
Mexico  on  the  one  hand,  and  along  the  extensive  shores  of  Brazil 
on  the  other,  appears  chiefly  to  arise  from  the  nature  of  the  bottom 
of  the  sea.  The  mmiber  of  species  that  range  from  Florida  to  Rio 
J aneiro  is  very  great. 

In  the  Indo-Pacific  region  the  inhabitants  of  the  several  zones 
of  depth  are  not  yet  well  known,  but  different  species  of  the  Pur- 
pm-a  and  Littorina  still  succeed  each  other  along  the  western  coasts 
of  the  American  continent ;  and  although  species  of  these  two  genera 
still  prevail,  there  is  a  sunilar  representative  succession  of  species  of 
the  beautiful  Haliotis,  or  Sea  Ear,  from  Tasmania  to  Behring  Strait. 
This  noble  ocean  is  the  vdry  realm  of  reef  building  corals ;  they 
fin  it  fi-om  tropic  to  tropic,  with  the  exception  of  an  area  W.  from 
the  coasts  of  Central  America,  and  another  between  North  Aus- 
tralia and  the  shores  of  India  and  China.  In  these  calm  and  limpid 
waters  the  madrepores  and  branching  corals  are  covered  with  livino- 
creatures  of  the  most  varied  forms  and  of  every  colour,  either 
hanging  on  them  like  leaves  and  flowers,  or  clinging  to  them  like 
inosses  and  lichens,  while  the  clear  sand  below  is  covered  with  the 
.singular  forms  and  tints  of  the  Echinodermata,  or  variegated  like  a 
bed  of  ranunculuses  with  the  sea  anemones.  In  these  ifving  groves 
brilliant  green  contrasts  with  brown,  blight  red,  golden  yellow,  and 
purple  of  every  shade,  from  the  ruddy  to  the  purest  azure.  'The 
brilliant  rosy,  yellow,  or  peach  coloured  nullipores  overgrow  the 
decaying  masses,  and  are  themselves  interwoven  with  the  pearl- 
coloured  plates  of  the  retipores,  resembling  the  most  delicate  ivory 
carvmgs,  while  close  by  wave  the  trellis-like  lilac  and  vellbw  fans 
of  the  gorgonias,  the  milk  white  bells  of  the  jelly  fish  float  softly 
m  the  clear  water,  and  the  little  fish  sparkling  with  every  o-ay 
metallic  hue  dart  through  the  whole  in  chase  of  their  prey.  When 
the  shades  of  evening  fall  the  sea  shines  like  the  Milky  Way  with 
myiiads  of  biilliant  sparks  ;  the  microscopic  medusce  and  crusta- 
ceans mvisible  by  day  form  the  beauty  of  the  night;  and  the  sea 
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feather,  vermilion  in  daylight,  now  waves  in  a  green  phosphorescent 
light ;  every  part  of  it  is  luminous ;  even  those  which  are  dull 
brown  now  become  radiant  in  the  most  wonderful  play  of  green, 
yellow,  and  red  light ;  and  the  sun  fish,i  with  its  silver  disc  6 
ft.  broad,  moves  slightly  luminous  among  these  lesser  fires.-  The 
nautilus  and  harp  are  among  the  most  beautiful  of  the  tropical 
shells, — the  pearl  oyster,  one  of  the  most  celebrated ;  it  abounds 
throughout  the  Persian  Gulf,  and  on  the  coasts  of  Borneo  and 
Ceylon,  and  produces  the  finest  pearls.  There  are  other  pearl 
bearing  shells  in  the  Pacific,  especially  in  the  Bay  of  Panama,  and 
of  an  inferior  desci;iption  in  the  Caribbean  Sea.  Some  shell  fish  are 
exceedingly  limited  in  their  distribution,  as  the  Haliotis  gigantea, 
which  is  peculiar  to  the  seas  S.  of  AustraUa  and  the  shores  of 
Tasmania.  The  E.  and  W.  coasts  of  intertropical  Africa  have  a 
totally  dissimilar  fauna,  and  the  E.  and  W.  coasts  of  tropical 
America  have  only  one  molluscous  animal  in  common,  and  both 
differ  from  those  in  the  islands  of  the  Pacific  and  the  Galapagos 
Archipelago,  which  last  forms  a  distinct  region.  Notwithstanding 
the  many  definite  marine  .provinces,  the  same  species  are  occasion- 
ally found  in  regions  widely  separated.  A  few  of  the  shells  of  the 
Galapagos  Archipelago  are  analogous  with  those  of  the  Philippine 
Islands ;  the  Cyprsea  moneta  lives  in  the  Mediterranean,  the  seas  of 
South  Africa,  the  Mauritius,  the  East  Indies,  China,  and  the  South 
Pacific,  even  as  far  as  Tahiti,  and  the  Janthina  fragilis,  the 
animal  of  which  is  of  a  beautiful  violet  colour,  floats  on  the  surface 
in  every  tropical  and  temperate  sea.  The  molluscs  have  a  greater 
power  of  locomotion  than  is  generally  supposed.  Some  migrate 
in  their  state  of  larva,  being  furnished  with  lobes  which  enable 
them  to  swim  freely.  The  larva  of  the  common  scallop  is  capable 
of  migrating  to  distant  seas ;  the  argonauta  and  nautilus  float  or 
swim  along  the  surface. 

§  9.  IVIarine  life  of  Extra-tropical  Southern  Iiatitudes. 
—  Before  Sir  James  Ross's  memorable  voyage  to  the  Antarctic 
seas,  the  profound  and  dark  abysses  of  the  ocean  were  supposed  to 
be  entirely  destitute  of  animal  life,  now  it  has  been  proved  that  no 
part  of  it  is  iminhabited.  For  although  the  silicious  microscopic 
shells  brought  up  from  the  depths  of  1000  fathoms  in  Erebus  Bay 
have  proved  to  be  the  exuviae  of  plants  and  not  of  a  shell  tish,  the 
discovery  led  to  an  investigation  of  the  sea  bed  in  both  of  the  great 
oceans.  During  the  soundings  across  the  North  Atlantic  for  the 
electric  telegraph  cable  in  1867,  the  mud  that  was  brought  up  from 
the  bottom"  at  a  depth  of  more  than  3  m.,  was  fomid  to  be  in  a 
great  measure  formed  of  microscopic  calcareous  shells ;  scarcely  a 
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grain  of  sand  was  among  them.   The  bottom  of  the  Gulf  of  Mexico 
and  of  the  Gulf  Stream  is  everywhere  a  mass  of  microscopic  shells 
of  the  most  delicate  structure,  and  in  a  state  of  complete  preserva- 
tion, which  shows  that  the  sea  is  calmly  tranquil  at  these  depths. 
But  the  bottom  of  the  ocean  is  now  known  by  deep-sea  soundings 
to  be  the  abode  of  the  living  as  well  as  the  vast  sepulchre  of  the 
dead.   In  sounding  to  ascertain  the  nature  of  the  base  of  the  North 
Atlantic  for  laying  telegraphic  lines,  Dr.  Wallich,  naturalist  to  the 
expedition,  foimd,  at  a  depth  of  about  a  mile  and  a  half  midway 
between  the  N.  of  Ireland  and  Greenland,  that  96  per  cent,  of  the 
matter  of  the  ocean  bed  consists  of  foraminifera  of  the  group 
Globigerina.   Mixed  with  these  was  a  vast  quantity  of  most  nSnute 
bodies  called  Ooccolites,  both  singly,  and  attached  at  regular  dis- 
tances on  cell-like  bodies ;  both  are  transparent  and  colomiess,  and 
imbedded  in  gelatinous  matter.    Bodies  identical  with  these  are 
foimd  to  constitute  the  bulk  of  the  material  of  which  the  vast  chalk 
deposits  are  formed,  and  Professor  Huxley  has  discovered  in  the 
ooze  brought  up  from  the  greatest  depths  of  the  Atlantic  and  Indian 
Oceans  a  film  of  living  organic  substance  to  which  he  has  given  the 
name  of  Bathybius,  and  which  has  been  termed  Protoplasm,  the 
lowest  form  of  life.   Two  worms  or  annelids  were  also  discovered  at 
these  great  depths :  one  that  coats  itself  with  a  tube  of  the  shells  of 
young  Globigerinae  nicely  cemented  together ;  in  the  other  the  tube 
13  Imed  with  a  tough  substance  of  a  rich  sienna  colour.   These  seem 
to  perforate  the  shells  of  the  Globigerinse,  and,  could  they  bore 
through  gutta  percha,  it  would  be  vain  to  lay  a  telegraphic  line  ; 
but,  happily,  it  is  impervious  to  annelids  unless  they  can  secrete  a 
chemical  solvent :  thus  it  is  important  to  ascertain  whether  these 
marine  insects  are  capable  of  ruining  the  noblest  work  of  man.' 
The  deep-sea  soundings  made  in  the  summer  of  1869  in  the 
Porcupine,  by  Dr.  Carpenter,  Professor  Wyville  Thomson,  and 
Mr.  Gwyn  Jeffreys  and  in  the  ChaUenger,  under  the  direction  of 
Professor  (now  feir)  Wy^-iUe  Thomson,  from  1873  to  1876  have 
hnaUy  settled  the  question  of  the  existence  of  living  animals  at 
great  deijths  m  the  ocean.     At  2435  fathoms  in  the  Atlantic 
species  of  Grinoids,  Echiuoderms,  MoUusca,  and  Crustacea  were 
^und  m  a  temperature  of  36-5°  Fahr.,  and  Badiolariam  were 
found  at  such  depths  as  to  lead  to  the  belief  that  these  creatures 
live  all  through  the  sea  and  down  to  its  vastest  depths 

§  10.  Quantities  of  Animalcula  in  the  Ocean.-The  quan- 
^  y  of  minute  ammal  life  in  the  ocean  exceeds  all  imagination 
The_  discoloured  portions  of  the  seas  generally  owe  their  tints  to 
myriads  of  minute  animalcula.    Dr.  Poeppig  mentions  a  stratur^ 

1  Dr.  Wallich's  Memoirs  in  the  '  Magazine  of  Natural  History.' 
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of  red  water,  near  Oai3e  Pilares,  24  m.  long  and  7  broad,  which, 
seen  from  the  mast  head,  appeared  of  a  dark  red  colour ;  on  enter- 
ing it  it  became  of  a  brilliant  pm-ple,  while  the  water  in  the  waive 
of  the  vessel  was  of  a  rosy  hue.  The  water  itself  was  perfectly 
transparent,  but  small  red  masses  could  be  discerned  moving  in  spiral 
lines.  The  colour  of  the  Vermilion  Sea  oif  the  coast  of  California 
is  no  doubt  owing  to  a  similar  cause ;  Dr.  Darwin  found  red  and 
chocolate  coloured  water,  whicli  had  been  before  observed  by  UUoa 
on  the  coast  of  Chile,  over  spaces  of  several  square  miles,  full  of 
microscopic  animalcula,  darting  about  in  every  direction,  and 
sometimes  appearing  to  explode.  Professor  Dana  mentions,  in  his 
memoir  on  tbe  '  Distribution  of  tbe  Crustacea,'  having  sailed  through 
an  extensive  area  of  '  bloody  water  '  off  the  coast  of  Chile,  which 
owed  its  colour  to  mp-iads  of  minute  Crustacea :  he  met  with 
another  instance  of  the  same  in  the  tropical  Atlantic. 

These  minute  forms  of  organic  life,  invisible  to  the  naked  eye, 
are  exten.sively  distributed  throughout  the  ocean ;  the  smaU  points 
which  shine  at  night  are  sometimes  so  numerous  that  they  give  a 
milky  colour  to  the  sea  by  day,  but  several  varieties  of  infiniteeimal 
creatures  are  intensely  and  extensively  developed  in  both  the  polar 
oceans,  and  serve  for  food  to  the  higher  orders  of  fishes  in  latitudes 
beyond  the  limits  of  the  larger  vegetation,  though  they  themselves 
probably  live  on  the  microscopic  plant  already  mentioned,  which 
abomids  in  all  seas.  In  the  Arctic  Ocean,  where  the  water  is  of  a 
pure  transparent  ultramarine  colour,  areas  of  20  or  30  sq.  m.  and 
1500  ft.  deep,  are  green  and  turbid  from  the  quantity  of  minute 
animalcula. 

The  enormous  prodigality  of  animal  life  supplies  the  place  of 
vegetation,  so  scanty  in  the  ocean  in  comparison  with  that  which 
clothes  the  land ;  still  it  probably  would  be  insufficient  for  the 
supply  of  the  marine  creation  were  the  deficiency  not  made  up  by 
the  superabundant  land  vegetation  and  insects  carried  to  the  sea 
by  rivers.  The  fish  that  live  on  seaweed  must  bear  a  smaller  pro- 
portion to  those  that  are  predaceous  than  the  herbivorous  animals 
on  land  do  to  the  carnivorous.  Fish  are  certainly  most  voracious ; 
none  are  without  their  enemies ;  they  prey,  and  are  preyed  upon  ; 
and  there  are  species  which  even  devour  the  live  coral,  hard  as  its 
coating  is ;  nor  does  the  coat  of  mail  of  the  Mollusca  and  Crustacea 
protect  them.  Whatever  the  proportions  may  be  which  predatory 
fish  bear  to  herbivorous,  the  quantity  of  both  must  be  enormous, 
for,  besides  the  infusoria,  the  great  forests  of  fuci  and  seaweed  are 
everj^here  a  mass  of  infinitely  varied  forms  of  animal  life,  either 
parasitical,  feeding  on  them,  seeking  shelter  among  them,  or  in 

pursuit  of  others. 

§  11.  Marine  iviammalia. —The  polar  seas  are  the  habita- 
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tions  of  the  hugest  and  the  most  minute  of  the  creatures  whose 
dwelling  is  in  the  deep.  They  are  the  home  of  the  marine  mam- 
malia, the  largest  of  living  creatures  which,  as  their  name  implies, 
suckle  their  yoimg.  While  fish  breathe  by  gills  which  separate 
the  air  dissolved  in  the  water  from  it,  the  marine  mammalia  are 
furnished  with  lungs  and  respire  like  terrestrial  quadrupeds,  so 
that  they  are  obliged  to  come  to  the  surface  from  time  to  time 
to  inhale  the  air.  They  form  two  distinct  families,  Phocse  or 
seals,  and  Oetacea  or  whales.  ^ 

Seven  species  of  the  seal  tribe  live  in  the  Arctic  Ocean  and  the 
North  Atlantic  ;  but  the  Greenland  seal,  the  bearded  or  great  seal, 
and  the  Phoca  leporina,  are  also  found  in  the  high  latitudes  of  the 
North  Pacific.   Seals  live  exclusively  on  fish,  and  are  seldom  found 
at  a  great  distance  from  land  or  ice  islands;  their  favourite  haunts 
are  the  polar  oceans  and  desert  islands  in  high  latitudes,  where  they 
bask  m  hundreds  on  the  sunny  shores  during  the  brief  summer  of 
these  inhospitable  regions,  and  become  an  easy  prey  to  man,  who 
has  nearly  extirpated  the  race  in  many  places ;  1,000,000  are  killed 
annuaUy  in  the  South  Atlantic  alone.    The  common  Greenland 
seal  13  6  or  7  ft.  long,  with  a  face  like  that  of  a  dog,  and  a  lar^e 
intelligent  eye.    It  is  easily  tamed,  and  in  the  Orkney  Islands  H 
IS  so  much  domesticated  that  it  follows  its  master,  and  helps  him 
to  catch  fish.    This  seal  migrates  in  herds  twice  in  the  year,  and 
returns  agam  to  its  former  haunts.    It  comes  to  the  'coasts  of 
Aorthem  Europe  and  the  British  Islands  at  the  time  of  mi^^ra- 
tion,  butit  may  be  considered  a  constant  inhabitant  of  our  northern 
shores    The  walrus,  a  grim-looking  creature,  with  tusks  2  ft.  lonff 
bent  downwards  and  its  nose  covered  with  strong  transpareni 
bristles,  has  a  body  like  that  of  a  seal,  20  ft.  long,  ^h  a  coat  of 
short  gray  or  yellow  hair.    It  sleeps  on  the  floating  ice,  feeds  on 
seaweed  and  manne  animals,  and  lives  chiefly  in  the  Arctic  seas,  but 
sometimes  IS  met  with  m  Behring  Strait,  the  coasts  of  Magdalen 
Island  and  very  rarely  m  the  Gulf  of  St.  Lawrence.    Lar-^e  herd, 
of  seals  rea^h  the  coasts  of  Labrador  on  the  fields  of  ice  borne  by 

inhlbUi^g';^^  Mort^rr^l:  "  called  without  eKternal  ear, 

.0  the  Antarctic  ^^.:T:k:7^1ZZ^  TaS 

to  place  mammalia  amonfr  fishes  but  the  ol.ipof  nf  ti      ,  ='«"l"frical  rule 
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the  currents  from  Davis  Strait,  and  there  they  fall  a  prey  to  the 
fishermen  wlio  watch  for  the  annual  arrival  of  these  '  sea  meadows.' 
It  is  computed  that  upwards  of  1,000,000  are  killed  every  year  in 
the  N.  hemisphere. 

Seals  ahound  in  the  Antarctic  seas  and  tlie  high  southern  lati- 
tudes. Sir  John  Ross  found  some  of  the  islands  in  the  Antarctic 
Ocean  overrun  by  the  Phoca  elephantina,  or  sea  elephant.  The 
fur  species,  Arctoeephalus  ursinus,  was  also  very  niunerous,  chiefly 
about  the  Falkland  Islands.  At  one  time  it  frequented  the  southern 
coasts  of  Australia  in  great  numbers  ;  but  this  and  other  species 
have  now  become  scarce,  from  the  indiscriminate  slaughter  of  old 
and  young. 

The  marine  cetacea  consist  of  three  groups — dolphins  or  por- 
poises ;  ^  the  spermaceti  whales,  or  Physeters,  which  live  on  fish, 
and  are  provided  with  long  jaws  and  numerous  teeth  in  the  lower 
one ;  and  whales,  properly  so  called,  which  have  no  teeth,  but  are 
furnished  vidth  whalebone  inserted  in  the  upper  jaw,  the  exti-eme 
filaments  of  which  act  as  a  kind  of  net  to  catch  the  small  marine 
animals  which  form  their  principal  food.  The  cetacea  breathe  by 
an  opening  in  the  centre  of  the  head,  called  by  whalers  the  blower, 
corresponding  to  the  nose  of  terrestrial  mammalia,  and  which  also 
serves  to  expel  the  water  taken  into  the  mouth  with  the  food,  in 
the  form  of  jets,  which  vary  in  height  and  form  according  to  the 
species. 

The  most  singular  and  beautiful  of  the  dolphin  tribe  is  the 
Narwbal  or  sea  unicorn,  which  has  a  tusk  of  fine  ivory,  wreathed 
with  spiral  grooves,  extending  8  or  10  ft.  straight  from  the 
head;  in  general  there  Is  only  one  tusk,  but  there  are  always  the 
rudiments  of  another,  and  occasionaUy  both  grow  to  an  equal  length. 
The  old  nai-whals  are  white,  with  blackish  spots  ;  the  young  are  of 
a  uniform  dark  colour.  This  singular  creature,  which  is  about 
16  ft.  long,  swims  with  great  swiftness.  Dr.  Scoresby  has  seen 
15  or  20  at  a  time  playing  round  his  ship  in  the  Arctic  seas,  and 
crossino-  their  long  tusks  in  aU  directions,  as  if  they  were  fencing. 
They  live  among  the  fields  of  ice  between  70°  and  80°  N.  lat.  m 
Davis  Strait,  Disco  Bay,  and  the  gulfs  and  creeks  of  Greenland. 
Some  wander  as  far  S.  as  Scotland  and  the  N.  coasts  of  Eui-ope, 

^''*Th7spei-mIceti  whale,  Cachalot,  or  Physeter,  belonging  to  the 
tribe  of  the  predaceous  spouters,  is  one  of  the  most  formidable  in- 

1  The  carnivorous  cetacea,  with  a  few  remarkable  exceptions-the  Inia 
ine  carnivorous  ,  ^^.^zon  and  its  tributaries,  and  the 

Geoffroyi  and      ^^is  of   he  U  pp^^^^  The  dolphin  seen 

Platanista  Gangetica  of  the  ^^^l     y  a  Lamantin  or  Manatus. 
in  the  rivers  of  inner  Africa  is  pioDauiy  a  j^auiuu 
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habitants  of  the  deep.  Its  average  size  is  60  ft.  long  and  40  ft.  in 
circumference;  its  head,  equal  to  a  third  of  its  length,  is  ex- 
tremely thick  and  hlimt  in  front,  with  a  throat  wide  enough  to 
swallow  a  man.  The  proportionally  small  swimming  paws,  or 
pectoral  fins,  are  at  a  short  distance  behind  the  head ;  and  the  tail, 
which  is  in  the  form  of  a  triangle,  6  or  7  ft.  long  and  often  20 
broad,  with  a  notch  between  the  flulces,  is  its  chief  organ  of  pro- 
gressive motion  and  defence.  It  has  a  hump  of  fat  on  its  back,  is 
of  a  dark  colour,  but  with  a  very  smooth  skin.  These  sperm 
whales  have  two  nasal  apertures  or  blowers  on  the  top  of  their 
head,  through  which  they  throw  at  each  expiration  a  succession  of 
jets  like  smoke  at  intervals  of  15  or  20  minutes,  after  which  they 
toss  their  tails  high  in  the  air  and  go  down  head  foremost  to  vast 
depths,  where  they  remain  for  a  considerable  time,  and  then  return 
again  to  the  surface  to  breathe.  The  jet  or  spout  is  from  6  to 
8  ft.  high,  and  consists  of  water  mixed  with  air  expired  from  the 
lungs.  This  whale  contains  sperm  oil  and  spermaceti  in  every 
part  of  its  body ;  the  latter  substance,  however,  is  chiefly  in  a  great 
reservoir  in  its  head  which  makes  it  very  buoyant :  ambergris  is 
sometimes  foimd  in  the  inside  of  the  body ;  it  is  an  intestinal  con- 
cretion, with  usually  the  beaks  of  cuttle  fish  for  a  nucleus.  These 
huge  monsters,  occasionally  75  ft.  long,  go  in  great  herds  or  schools 
of  500  or  600.  Females  with  their  yoimg  and  two  or  three  males 
generally  form  one  company  and  the  yoimg  males  another,  while 
the  old  males  feed  and  hunt  singly.  The  sperm  whales  swim 
gracefully  and  equably  with  the  upper  part  of  the  head  above 
water ;  but  when  a  troop  of  them  play  on  the  surface,  some  of 
these  uncouth  and  gigantic  creatures  leap  with  the  agility  of  a 
salmon  several  feet  into  the  air,  and  fall  down  again  heavily  with 
a  tremendous  crash  and  noise  like  a  cannon,  driving  the  water  up 
in  lofty  columns  capped  with  foam.  The  fishery  of  this  whale  is 
attended  with  danger :  not  only  the  wounded  animal,  but  its  com- 
panions who  come  to  its  aid,  sometimes  fight  desperately,  killing 
the  whalers  and  tossing  them  into  the  air  with  a  sweep  of  their 
tremendous  tails,  or  biting  a  boat  in  two.  In  1820  the  American 
whaler  '  Essex  '  was  wrecked  in  the  Pacific  by  a  sperm-whale  :  it 
first  gave  the  ship  so  violent  a  blow  that  it  broke  off"  part  of  the 
keel ;  then,  retreating  to  a  distance,  it  rushed  furiously  and  with 
its  enormous  head  beat  in  a  portion  of  the  sides ;  and  the  crew  had 
only  just  time  to  save  themselves  in  the  boat  when  the  vessel  filled. 
They  often  lie  and  listen,  when  suspicious  of  mischief.  No  part  of 
the  aqueous  globe  is  free  from  their  visits ;  though  chiefly  the 
inhabitants  of  southern  latitudes,  they  are  foimd.  at  the  Aleutian 
Islands  in  the  Pacific,  in  the  North  Atlantic,  Baffin  Bay,  Davis 
Strait,  the  Firth  of  Forth,  and  in  the  estuary  of  the  Thames  ;  and 
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have  even  been  caught  in  tlie  Mediterranean  and  Adriatic ;  they 
chiefly  live  on  the  sepia  or  cuttle  fish,  and  in  the  deepest  parts  of 
the  warmer  seas  within  or  near  the  tropics. 

The  family  of  the  Whalebone  whales  consists  of  the  common 
Greenland  or  Right  Whale,  and  Rorquals.  These  colossal  inhabit- 
ants of  the  frozen  seas  feed  on  medusas  and  other  small  marine 
animals,  which  they  catch  by  means  of  the  moveable  plates  and 
filaments  of  whalebone  in  their  upper  jaw.  The  Right  Whale  is 
from  65  to  70  ft.  long,  but  they  are  so  much  persecuted  that  they 
probably  never  live  long  enough  to  attain  their  full  growth.  The 
head  is  very  large,  but  the  opening  of  the  thi'oat  is  so  narrow  that 
it  can  only  swallow  very  small  animals.  It  has  no  dorsal  fin,  the 
swimming  paws  are  about  9  ft.  long,  and  the  flat  tail  is  half-moon- 
shaped.  It  has  2  spouts  or  nostrils,  through  which  it  thi'ows  jets 
like  puffs  of  smoke  some  yards  high.  It  only  remains  2  or  3 
minutes  on  the  surface  to  breathe  and  then  goes  imder  water  for 
5  or  6  minutes.  The  back  and  tail  are  velvet  black,  shaded  in 
some  places  into  grey,  the  rest  is  white  ;  some  ai-e  piebald. 

The  Right  Whale  swims  slowly  and  is  timid,  and  the  capture  of 
it  is  often  attended  with  much  cruelty  on  account  of  its  aflfection 
for  its  yoimg ;  indeed,  the  custom  of  killing  the  calf  in  order  to 
capture  the  mother  has  caused  much  prejudice  to  the  fishoiies  in 
both  hemispheres.  Formerly  the  Right  Whale  abomided  every- 
where within  the  Arctic  circle,  and  was  profitably  fished  for  in  the 
Atlantic  ;  now  it  is  rarely  to  be  seen  in  the  Spitzbergen  and  Green- 
land seas,  it  is  scarce  in  Hudson  Bay  and  Davis  Strait,  and  is  only 
to  be  met  with  in  numbers  to  the  N.  of  Lancaster  Sound ;  and  that 
in  a  few  years  will  be  fished  out  in  its  turn.  The  number  of  whale 
ships  has  been  annually  diminishing,  and  it  is  evident  that  the 
trade  will  ere  long  come  to  an  end.  An  extensive  fishing  ground 
has  been  discovered  by  the  ships  sent  in  search  of  Sir  John  Franldin 
within  Behi  ing  Strait ;  but  as  the  whale  here  also  is  pursued  in  the 
same  reckless  manner  by  the  whalers  of  the  United  States,  it  will 
likewise  soon  cease  to  be  remunerative. 

The  whale  found  in  such  multitudes  by  Sir  James  Ross  in  the 
shallow  water  on  the  coasts  of  the  Pacific  and  in  the  Antarctic 
Ocean,  must  be  of  a  diflferent  species  from  the  Right  ^\Tiale,  to  which 
the  tropical  waters  would  be  like  a  sea  of  fire,  since  it  cannot  endure 
and  never  enters,  warm  water. 

There  are  some  whales  peculiar-  to  the  North  Pacific.  The  in- 
habitants of  the  Aleutian  Islands  mention  four  species. 

Rorquals  are  also  Whalebone  Whales,  differing  from  the  Right 
Whale  by  their  more  elongated  form.  The  great  Rorqual,  or 
Rorqualus  Borealis,  from  80  to  100  ft.  long,  is  the  largest  of  marine 
animals.    It  is  chiefly  met  with  along  the  edge  of  the  ice  in  the 
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seas  around  the  island  of  Jan  Mayen,  "between  Bear  and  Oherry 
Islands,  Novaia  Zemlia,  Spitzbergen — in  fact,  between  70°  and  76° 
N.  lat ;  and  in  open  seasons  it  reaches  as  high  as  80°  ;  nevertheless 
it  travels  to  lower  latitudes  in  pursuit  of  herrings,  and  other  fish, 
and  is  occasionally  seen  off  and  in  the  Firth  of  Forth.  It  had 
been  caught  on  the  coast  of  Norway  as  early  as  the  ye?"  890,  and 
probably  long  before.  The  first  northern  navigators  were  not 
attracted  by  the  whale  as  an  object  of  commerce,  but  stumbled 
upon  it  in  their  search  for  a  N.  W.  passage  to  the  Pacific.  The 
lesser  Rorqual  lives  in  the  rocky  bays  of  Greenland  in  summer,  and 
is  foimd  on  the  coasts  of  Iceland,  Norway,  the  Hebrides,  and  along 
the  coasts  of  Scotland.  The  number  of  whales  of  all  kinds  that 
occasionally  visit  the  Firth  of  Forth  is  verj^  remarkable  ;  the  author 
has  frequently  seen  several  spoutiug  at  the  same  time,  when  shoals 
of  herrings  were  coming  up  this  estuary.  There  may  be  another 
reason  for  their  visits.  When  a  whale  feels  itself  uncomfortable 
from  the  number  of  parasitical  animals,  chiefly  of  the  Barnacle 
tribe,  that  have  attached  themselves  to  its  skin,  it  rplls  and  tumbles 
about  in  the  brackish  water  in  the  estuaries  of  rivers  till  it  has  got 
rid  of  them,  aware  that  fresh  water  kills  these  animals.  The 
bottoms  of  ships  encumbered  by  marine  parasites  are  divested  of 
them  in  the  same  way. 

The  Himipback  whale,  or  Balsena  gibbosa — a  rorqual  30  or  40 
ft.  long — is  met  with  in  the  intertropical  and  S.  regions  of  the 
Pacific  and  Atlantic:  it  is  seldom  molested  by  whalers,  and  is 
very  dangerous  for  boats  from  the  habit  it  has  of  leaping  and  rising 
suddenly  to  the  surface. 

None  of  the  senses  of  the  whale  tribe  are  very  acute :  the  Whale- 
bone whales  appear  to  have  the  sense  of  smelling  more  than  the 
others  ;  and  although  the  Sperm  whale  is  immediately  aware  of  a 
companion  being  harpooned  at  a  very  great  distance,  it  does  nnt 
hear  well  in  air,  and  none  appear  to  have  any  voice. ^ 

The  Manatus  and  Dugong  form  a  very  small  part  of  the  cetaceous 
family  ;  they  are  herbaceous  and  tropical.  The  Lamantin,  a  species 
of  the  former,  lives  in  some  livers  of  Western  Africa,  which  it 
ascends  to  a  considerable  distance  from  the  sea ;  and  another 
species  is  found  in  the  Pavers  Amazon  and  Orinoco,  where  it  is 
known  as  the  sea  cow.  Its  body  is  round,  and  sometimes  12  or  16 
ft.  long,  and  it  browses  in  herds  on  the  herbage  at  the  bottom  of 
the  streams. 

The  Dugong  is  an  inliabitant  of  the  eastern  Archipelago  and  of 
the  shallow  parts  of  the  Indian  Ocean,  where  it  feeds  on  seaweeds ; 
it  is  more  a  marine  animal  than  the  Lamantin,  is  scarcely  ever 


^  Scoresby's  '  Arctic  Voyages.' 
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seen  in  fresh  water,  and  is  so  harmless  that  it  allows  itself  to  be 
handled.  When  it  suckles  its  young  it  swims  upright,  which  has 
probably  given  rise  to  the  fable  of  the  mermaid.  This  animal,  lilce 
the  Lamantin,  will  sacrifice  its  life  for  its  young,  and  ishence'held 
as  a  type  of  maternal  affection  among  the  Malays. 

The  Manatus  Septentrionalis,  or  Rhytina,  which  formerly 
frequented  the  Arctic  seas  of  N.  Asia,  pro'bably  one  of  the  herbi- 
vorous cetacea,  is  supposed  to  be  extinct. 


CHAPTER  XXXII. 

DISTEIBTTTION  OF  REPTILES. 

§  1.  Partial  Distribution  of  Reptiles  over  the  Globe. — 

Reptiles,  more  than  any  other  class  of  animals,  show  the  partial 
distribution  of  animated  beings,  owing  to  their  inability  to  travel 
to  any  great  distance ;  and  as  they  inhabit  deserts,  forests,  and 
imcidtivated  ground,  they  have  been  little  disturbed  by  man,  who 
has  only  destroyed  some  individuals,  but  has  not  diminished  the 
number  of  species,  which,  however,  is  small  in  comparison  mth 
those  that  existed  in  the  Secondary  geological  periods.  Of  the 
mammalia  but  few  hybernate,  or  fall  into  a  torpid  state  in  winter, 
such  as  the  bear,  marmot,  dormouse,  &c.  Their  fat  supplies  the 
carbon  consumed  by  the  oxygen  during  their  feeble  and  imper- 
ceptible respiration,  and  is  wasted  by  the  time  the  warm  weather 
returns,  whicli  rouses  them  from  their  lethargy,  thin  and  attenuated. 
But  reptiles,  being  colder  blooded,  bury  themselves  in  the  ground, 
and  hybernate  during  the  winter  in  cold  and  temperate  climates. 
In  hot  countries  they  fall  into  a  state  of  torpor  during  the  dry 
season,  so  that  they  have  no  occasion  to  wander  either  on  account 
of  temperature  or  want  of  sustenance  ;  and  the  few  that  do  migrate 
in  quest  of  food  always  return  to  their  old  haunts.  As  the  blood 
of  reptiles,  from  the  peculiarity  of  their  circulation,  receives  onlv  a 
small  part  of  the  oxygen  they  inhale,  little  heat  and  strength  are 
generated,  and  they  are  for  the  most  part  sluggish  in  their  motions, 
which,  however,  are  more  varied  than  in  mammalia ;  but  as  some 
reptiles,  such  as  tortoises  and  lizards,  breathe  more  frequently  tlian 
others,  there  are  consequently  great  differences  in  their  powers  of 
locomotion  and  sensibility. 

§  2.  Classification  of  Reptiles. — The  class  of  reptiles  is  di- 
vided by  Dr.  Giinther  into  5  orders,  viz.,  Ophidia  (serpents), 
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Lacertilia  (lizards),  Rhyncocephalma  (the  Hatteria),  Crocodilia 
(crocodiles),  and  Chdonia  (tortoises).  With  very  few  exceptions, 
all  reptiles  are  oviparous,  or  produce  their  young  from  eggs ;  they 
partake  of  both  terrestrial  and  aquatic  forms,  and  many  are  am- 
phibious ;  they  all  increase  in  numbers  towards  the  equator,  and 
few  Kve  in  the  colder  latitudes ;  but  they  can  endure  a  cold  winter 
better  than  a  cool  summer.  The  extreme  southern  limit  of  rep- 
tiles, so  far  as  it  is  known,  is  in  50°  S.  lat.,  where  a  species  of  frog 
was  foimd  on  the  banks  of  the  River  Santa  Oruz. 

The  number  of  species  of  reptiles  in  the  torrid  zone  is  at  least 
double  that  in  the  temperate ;  Australia  has  fewer  than  Eui'ope, 
and  of  all  places  in  the  Old  World,  Java  is  perhaps  the  richest  in 
animals  of  this  order.  America  possesses  more  than  half  of  all  the 
species  known,  the  maximum  being  in  Brazil,  but  every  one  of 
them  is  peculiar  to  the  New  Continent. 

§  3.  The  Ophidia,  or  Serpents. — Serpents  are  met  with  in 
all  hot  and  temperate  coimtries,  but  they  abovmd  most  in  the 
intertropical  regions.  They  are  most  numerous  in  the  islands  of 
the  Indian  Archipelago ;  whilst  in  those  of  the  Pacific  they  are 
few.  Java  contains  56  species,  a  greater  number  comparatively 
than  is  fomid  in  any  other  country  of  a  similar  extent ;  while  in 
Borneo  there  are  much  fewer.  Those  in  Japan  are  peculiar  to 
this  group  of  islands.  "Wherever  innocuous  snakes  exist,  there 
also  are  some  of  the  venomous  kinds,  but  they  are  fewer  speci- 
fically and  individually.  Only  about  one  fifth  of  the  species  of 
serpents  are  venomous,  although  that  proportion  is  not  everywhere 
the  same.  In  sterile,  open  countries,  the  proportion  of  venomous 
snakes  is  greater  than  in  those  that  are  covered  with  veo-etation. 
Thus,  in  Australia,  7  out  of  10  species  are  poisonous  °  and  in 
Africa,  one  of  every  two  or  three  is  noxious.  In  general,  however 
the  number  of  harmless  individuals  is  20  times  as  great  as  the 
number  of  the  poisonous. 

The  3  groups  of  venomous  serpents  are  the  Colubriform  or 
Adder  shaped  snakes,  the  Triangular  headed,  and  8ea  se7pents. 

The  Adder  formed  snakes  are  divided  into  several  o-enera. 
The  Elaps  are  slender  like  a  cord,  with  a  small  head  and  of  bril- 
liant colours.  There  are  four  species  in  South  America,  of  which 
two  are  confined  to  Guiana,  and  one  to  Surinam,  while  the  other 
is  found  everywhere  from  Brazil  to  Carolina.  There  is  only  one 
in  Africa,  3  in  Australia,  and  the  rest  are  in  limited  districts  in 
tropical  Asia,  especially  in  Sumatra  and  Java;  and  an  entire 
genus  is  found  only  in  India  and  the  Islands  of  Ceylon  and  Java 
The  hooded  .snakes  (or  Cobra  di  capello)  are  the  best  knowil  of 
this  family,  especially  the  spectacled  or  dancing  snake  of  the 
Indian  jugglers,  which  is  common  from  Malabar  to  Sumatra- 
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other  species  are  peculiar  to  Sumatra  and  Java.  TJie  3  or  4 
African  species  are  chiefly  met  with  at  the  Cape  of  Good  Hope 
and  on  the  Gold  Coast :  but  the  most  celebrated  is  tliat  generally 
known  as  the  Egyptian  asp,  which  has  been  tamed  by  jugglers  in 
ancient  and  modern  times,  and  is  frequently  figured  on  the  Egyp- 
tian monuments :  it  derives  some  of  its  celebrity  from  haviwg  been 
the  supposed  cause  of  Cleopatra's  death.  Two  of  the  genus  in- 
habit Australia,  one  of  which  is  hooded,  but  is  of  a  different  species 
from  that  of  Lidia. 

The  second  venomous  group  consists  of  the  T rimigular  headed 
seiyents,  rattlesnakes,  and  vipers.  The  first  are  of  a  hideous 
aspect — a  large  head,  like  a  heart,  broad  at  the  base:  a  wide 
mouth,  with  hooked  poisonous  fangs  strongly  developed.  They 
qmetly  watch  their  prey  till  it  is  within  reach,  then  dart  upon 
it,  and  inflict  the  deadly  wound  in  a  moment.  The  yellow 
viper  of  the  French  West  Indian  Islands,  the  Triyonocephalus 
lanceolatus,  is  one  of  the  most  dangerous  snakes  known.  One 
species  in  the  Old  World  occurs  from  Ceylon  to  the  Philippine 
Islands:  another  is  a  native  of  Sumatra,  Timor,  and  Celebes: 
2  are  confined  to  Java  alone.  Ceylon,  Sumatra,  Japan,  and 
Tartary  have  each  a  peculiar  species  of  this  group. 

The  Crotali,  or  rattlesnakes,  are  all  American — 2  live  in  the 
warmer  districts  of  the  N.  states,  and  2  in  the  intertropical  regions 
of  South  America.  One  of  the  latter,  however,  has  a  hard  horn  at 
the  end  of  its  tail,  instead  of  a  rattle,  and  sometimes  grows  to  the 
length  of  10  ft.,  being,  with  the  Trigonocephalus,  the  longest  of  the 
venomous  ophidians. 

Vipers  extend  farther  N.  than  any  other  of  the  noxious  tribe : 
2  are  Asiatic,  though  one  is  also  common  to  Africa,  which,  how- 
ever, has  4  peculiar  to  itself.  The  only  venomous  serpents  in 
Europe  are  3  species  of  viper,  one  of  which  extends  into  Asia 
and  Africa.  The  common  viper  inhabits  all  Central  Europe 
and  temperate  Asia,  as  far  as  Lake  Baikal,  in  the  Altai"  Moun- 
tains: it  is  also  found  in  England  and  Sweden  and  the  N.  of 
Erauce,  but  does  not  cross  the  Alps,  beyond  which  it  is  re- 
placed by  a  distinct  species  frequenting  dry  soils  in  the  S.E.  of 
Europe,  and  which  alone  is  met  with  in  Stp-ia,  Greece,  Dalmatia, 
and  Sicily,  and  the  Aspic  viper,  which  lives  on  rocky  ground, 
inhabits  France  between  the  Seine  and  the  Pyi-enees,  Switzerland, 

Italy,  and  Sicily. 

There  are  19  families  of  innocuous  serp&iits,  embracing  many 
species.  They  are  mostly  terrestrial,  and  their  species  are  very 
limited  in  their  domicile,  the  greater  number  being  confined 
to  some  of  the  islands  of  the  Indian  Archipelago,  Ceylon,  or  to 
circumscribed  districts  in  tropical  Asia,  Africa,  and  America. 
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Nine  or  10  species  are  European,  some  of  whicii  are  also  found  in 
Asia  and  Africa. 

Tree  serpents  of  various  genera  live  only  in  the  great  tropical 
forests  of  Asia  and  especially  of  America.  They  are  long  and 
slender,  the  head  for  the  most  part  ending  in  a  sharp  point,  and 
generally  green,  though  there  are  some  of  brighter  colours  :  many 
of  these  serpents  are  fierce,  though  not  venomous :  some  feed  on 
bu'ds,  which  they  watch,  hanging  by  the  tail  from  a  bough. 

In  aU  temperate  and  warm  countries  aboimding  in  lakes  and 
rivers  fresh  water  snakes  are  numerous  ;  some  live  entirely  in  the 
water,  but  they  mostly  inhabit  the  banks  near  it ;  they  are  ex- 
cellent swimmers,  and  may  be  sfeen  crossing  lakes  in  shoals. 
America  is  particularly  rich  in  these  aquatic  species,  there  are 
several  in  Asia,  but  they  are  rare  in  Africa,  and  none  have  yet 
been  discovered  in  Australia. 

The  genus  Sou '  is  peculiarly  American.  The  boa  constrictor, 
generally  from  9  to  15  ft.  long,  lives  in  the  great  tropical  forests  of 
South  America,  where  it  often  watches  its  prey,  hanging  by  the 
tail  from  the  boughs  of  trees.  Two  of  smaller  size  have  similar 
habits,  and  2  are  semi-aquatic,  one  of  which,  the  Anaconda,  is  20 
ft.  long,  and  another  6 ;  the  latter  live  on  the  banks  of  rivers  from 
the  Amazon  to  Surinam ;  and  a  species  is  foimd  at  the  foot  of  the 
Andes  of  Quito,  at  an  elevation  of  3000  ft. 

Pythons  are  the  largest  snakes  of  the  E.  continent,  where  they 
represent  the  boas  of  the  W. :  one  species,  which  sometimes  attains 
the  length  of  20  ft.,  is  spread  from  the  W.  coast  of  Africa, 
throughout  tropical  Asia,  to  China  and  Java.  Another,  14  ft,  long, 
is  confined  to  Malacca  and  some  of  the  Simda  Islands,  Two 
others  are  found  in  the  island  of  Timor,  and  one  in  Australia. 
There  are  only  2  species  of  Acrochordi,  which,  like  boas  and 
pythons,  twist  themselves  round  their  victims  and  crush  them  to 
death :  one  aquatic,  peculiar  to  Java ;  the  other  is  a  land  snake 
very  generally  distributed  from  India  to  New  Guinea. 

The  West  Indian  Islands  possess  the  snakes  of  the  adjoining 
continent  of  America,  and  some  confined  to  themselves ;  many  in 
Central  America  are  not  found  elsewhere.  The  snakes  of  Mada- 
gascar are  almost  all  peculiar  to  that  island. 

Sea  snakes  frequent  the  Indian  Ocean,  from  the  Bay  of  Bengal 
to  the  Philippine  Islands ;  they  never  enter  fresh  water. 

§  4.  Crocodilia. — Of  crocodiles  there  are  3  families,  viz.,  the 
CVocodilidce,  the  Alliyatoridce,  and  the  Gavialidai.    True  croco- 

1  This  name  was  formerly  given  to  all  large  serpents  which,  lacking 
poison  fangs,  destroyed  their  prey  by  constriction.  Tlie  term  is  now  re"^ 
fitricted  to  the  American  family  of  them,  the  Old  World  forms  being  known 
as  Pythons.— Encyc.  Brit.  voc.  Boa. 
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diles  occur  in  Asia,  Africa,  and  the  West  Indies;  the  oldest  known 
species  inhabits  the  Nile  and  all  its  tributaries,  but  appears  to  have 
been  extirpated  in  the  Delta.  It  is  found  in  all  the  river  systems 
of  Soudan,  Senegambia,  and  probably  in  that  of  the  Zambesi,  but 
there  seems  to  be  a  distinct  species  about  Sierra  Leone. >  The 
Gavials,  which  approach  nearest  to  the  form  of  certain  fossil  cro- 
codiles, are  Asiatic,  and  extend  from  Western  AustraKa,  through 
the  Indian  Archipelago,  to  all  the  rivers  of  India :  there  are  3 
species,  of  which  the  Gavialis  Gangeticus  is  the  most  celebrated  ; 
another  species  inhabits  the  Euphrates.  The  Alligators  or  Cay- 
mans, peculiar  to  the  American  continent  and  the  West  India 
islands,  have  a  very  extensive  habitat ;  they  are  met  with  in  all 
the  rivers  from  31°  S.  lat.  through  South,  Central,  and  North 
America,  to  32°  30'  N.  lat.  They  are  most  numerous  in  the 
estuaries  of  the  great  rivers,  but  they  are  found  as  high  as  3000 
ft.  at  the  base  of  the  Andes  of  Quito,  and  they  are  known  in  some 
of  the  rivers  of  Bolivia  at  a  much  greater  elevation. 

The  Alligators  of  the  Mississippi,  and  of  the  rivers  and  marshes 
of  Carolina,  are  more  ferocious  than  those  of  South  America, 
attacking  men  and  animals :  they  only  prey  in  the  night ;  like  all 
their  congeners,  they  cannot  swallow  their  food  in  the  water,  but 
they  drown  the  animal  they  have  caught,  hide  it  under  water  till 
it  becomes  putrid,  and  then  drag  it  on  shore  to  devour  it.  Locality 
has  considerable  influence  on  the  nature  and  habits  of  these  ani- 
mals ;  in  one  spot  they  are  very  dangerous,  while,  in  another,  at  no 
great  distance,  they  are  cowardly.  Alligators  are  rarely  more 
than  16  ft.  long,  and  are  seen  in  large  herds  basking  on  the  banks 
of  rivers :  their  cry  is  like  the  roar  of  a  bull :  in  a  storm  they 
bellow  loudly,  and  are  said  to  be  much  afraid  of  some  of  the 
porpoise  family  that  ascend  the  great  American  estuaries.  The 
female  watches  her  eggs  and  her  young  for  months,  never  losing 
sight  of  them  ;  but  the  male  devours  many  of  the  in.  as  soon  as  they 
leave  her.  AU  animals  of  this  class  are  covered  with  scales^ 
which  are  hard,  horny,  often  bonj'^,  and  impenetrable. 

§  5.  The  Xiacertilia  or  Xiizard  tribe. — Lizards  are  chiefly 
distinguished  from  crocodiles  hj  having  a  long  tliin,  forked  tongue. 


1  The  most  celebrated  species  of  this  division  is  tlie  crocodile  of  the 
Nile  which  is  to  be  met  with  in  the  upper  branch  of  that  river,  the 
Eahr-el-Abiad,  as  high  as  4000  ft.  above  the  level  of  the  sea.  Immense 
ntimbcrs  of  this  animal,  of  every  size  and  a^e,  are  found  embalmed  in  the 
catacombs  of  ancient  Egypt,  and  they  are  perfectly  identical  with  tlie  existing 
species,  offering  another  proof  of  the  important  fact  first  announced  by 
Cuvier,  from  his  examination  of  the  mummies  of  the  ibis,  &c.  &c.,  that 
no  animal,  in  its  wild  state,  had  presented  the  least  change  since  the  most 
remote  historical  period. 
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like  that  of  the  viper,  by  their  rapid  motions,  smaller  size,  and  by 
some  peculiaiities  of  form. 

The  Monitors,  which  are  entirely  confined  to  the  Old  Continent, 
have  the  tail  compressed  laterally,  which  enables  them  to  swim 
rapidly ;  and  they  are  fui-nished  with  strong  sharp  teeth.  Many 
species  inhabit  Afiica  and  Asia,  especially  the  Indian  Archipelago ; 
the  monitor  or  terrestrial  crocodile  of  Herodotus  is  common  on  the 
deserts  which  enclose  Egypt ;  and  an  aquatic  species  in  the  Nile, 
which  devours  the  crocodile's  eggs,  is  often  represented  on  the 
monimients  of  the  ancient  Egyptians. 

Another  group  allied  to  the  monitors  is  peculiarly  American : 
some  of  the  species  inhabiting  the  marshes  in  Guiana  are  6  ft.  long. 

Lizards,  properly  ,  so  caUed,  are  very  common ;  more  than  63 
species  are  European,  20  of  which  inhabit  Italy,  and  one.  lives  on 
the  Alps  at  an  elevation  of  4500  ft. ;  the  group  of  the  Iguanians, 
which  differ  from  them  chiefly  in  the  form  of  the  tongue,  is  so 
numerous  in  genera  and  species,  that  it  would  be  vain  to  attempt 
to  follow  all  their  ramifications,  which  are  nevertheless  distributed 
according  to  the  same  laws  as  other  creatures :  but  the  clragmis, 
only  found  in  India,  are  too  singular  to  be  passed  over.  The  drao-on 
is  a  lizard  with  wings  formed  by  an  extension  of  the  skin,  which  is 
spread  along  its  sides  and  supported  by  outstanding  long  and  slender 
ribs,  attached  to  the  fore  and  hind  feet,  as  we  see  in  the  fiying 
squirrel  amongst  the  mammalia,  and,  though  they  do  not  enable  it 
to  fly,  they  act  like  a  parachute  when  the  animal  leaps  from  bough 
to  bough  in  pursuit  of  insects.  Nocturnal  lizards  of  many  specfes 
inhabit  the  hot  countries  of  both  continents ;  they  are  not  imlike 
salamanders,  but  they  have  sharp  claws  to  seize  their  prey  with, 
which  they  can  draw  in  and  conceal  like  a  cat.  One  of  the  species 
of  Gecko  climb  on  waUs  in  most  of  the  countries  bordering  on  the 
Mediterranean.  Chameleom  are  frequent  in  N.  Africa ;  and  several 
species  inhabit  difterent  districts  and  islands  in  Asia;  the  only 
European  species  is  found  in  Spain ;  it  is  also  common  in  N.  Africa 

The  Anolis,  which  lives  on  trees,  replaces  the  chameleon  in  the 
hot  regions  of  South  America  and  in  the  AntUles,  bavin-  the  pro- 
perty common  to  chameleons  of  changing  its  colour,  but  it  is  a 
more  nimble  and  beautiful  animal.  In  Austrafia,  where  everytliino- 
IS  anomalous,  there  is  a  lizard  with  a  leaf-shaped  tail,  and  another 
with  a  broad  erectile  hood. 

Two  anomalous  sauriam  of  the  genus  Amblyrhynchus  were  dis- 
covered by  Mr.  Darwin  in  the  Galapagos  Islands.  One  peculiar  to 
the  central  islands  is  terrestrial,  and  in  many  places  it  has  uuder- 
mmed  the  ground  with  its  burrows;  the  other  is  the  only  lizard 
known  that  lives  on  seaweed  and  inhabits  the  sea :  it  is  about  4 
ft.  long,  and  hideously  ugly,  with  feet  partially  webbed  and  a  tail 
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compressed  laterally  to  adapt  it  for  swimming.  It  basks  on  the 
beach,  and  in  its  marine  habits  and  food  it  resembles,  on  a  small 
scale,  the  huge  fossil  monsters  so  abundant  in  the  older  beds  of  our 
British  secondary  formations. 

§  6.  The  Cbelonia :  or  Tortoises  and  Turtles. — Tortoises 
are  covered  Vs-ith  a  shell  or  buckler,  but  their  neck,  legs,  and  tail 
are  free,  with  a  wrinkled  skin,  so  that  the  animal  can  draw  its 
head  and  feet  into  the  shell  when  alarmed.  The  head  is  sometimes 
defended  bj  a  regular  shield,  and  the  jaws,  instead  of  teeth,  have 
a  horny  covering.  The  upper  buckler  is  rounded,  and  formed  of 
8  parts  or  plates,  symmetrically,  and  often  veiy  beautifully, 
disposed ;  the  under  shell  is  flat,  and  consists  of  4  pairs  of  bones 
and  one  in  the  centre.  One  group  of  tortoises  is  terrestrial,  2 
others  are  amphibious,  one  of  them  living  in  fresh  water,  the 
other  in  the  tropical  seas. 

There  are  more  land  tortoises  in  Africa  than  in  all  the  rest  of  the 
world,  both  specifically  and  individually.  They  abound  also  in 
the  Sunda  Islands,  in  North  and  South  America,  and  especially 
Brazil.  There  are  3  Eiu'opean  species,  of  which  the  common 
Tortoise  {Testudo  Grceca),  which  is  met  with  in  the  countries 
bordering  on  the  Mediterranean,  is  the  largest,  attaining  as  much 
as  a  foot  in  length  :  it  lives  on  insects  and  vegetables,  and  burrows 
in  the  ground  in  winter.  Some  of  the  East  Indian  species  are 
enormously  large,  above  3  ft.  long,  and  remarkable  for  the  beauti- 
ful distribution  of  their  colours;  certain  species  are  peculiar  to 
Brazil,  one  to  Demerara,  and  one  to  North  America  ;  but  perhaps 
the  largest  Imown  species  is  that  of  the  Galapagos  Islands,  the 
Testudo  Elephantopus,  or  Test.  Indica,  which  weighs  600  or  600 
pounds. 

The  Chelonidse,  or  sea  turtles,  inhabit  the  seas  of  the  torrid  and 
temperate  zones,  as  far  as  the  50th  pai'allel  of  latitude,  some  living 
on  seaweed,  and  others  on  small  marine  animals.  Distinct  specdes 
are  found  in  dift'erent  parts  of  the  ocean.  The  green  turtle,  of 
which  there  are  many  varieties,  inhabits  the  Atlantic  within  the 
tropics ;  they  may  be  seen  browsing  on  the  seaweed  at  the  bottom 
of  the  water  along  the  coasts  :  they  repair  at  certain  seasons  from 
distances  of  many  hundred  miles  in  great  herds  to  the  mouths  of 
rivers  to  deposit  their  eggs  in  the  sand.  This  turtle  is  often  6  or 
7  ft.  long,  and  weighs  600  or  700  pounds ;  it  is  much  esteemed 
for  food,  but  the  shell  is  of  little  value.  The  hawk's-bill  turtle, 
which  furnishes  the  tortoiseshell  of  commerce,  is  caught  in  difi'ereut 
parts  of  the  Indian  Ocean,  among  the  Molucca  Islands,  and  on  the 
N.W.  coast  of  New  Guinea.  It  is  also  found  in  the  W.  hemisphere, 
on  the  coasts  of  Haiti  and  of  the  Caiman  Islands,  but  the  shell  of 
this  variety  is  less  valuable  than  that  fi-om  the  eastern  seas. 
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§  7.  Difference  of  Species  in  Reptiles  of  the  Old  and 
New  Worlds. — With  respect  to  tlie  whole  order  of  reptiles  it  is 
•worthy  of  remark  that  not  one  species  is  common  to  the  Old  and 
New  Worlds ;  that  those  in  Australia  are  altogether  peculiar  to  that 
great  continent ;  and  that,  as  far  as  is  at  present  known,  with  the 
exception  of  the  Marianne  Islands,  there  are  no  snakes  iu  any 
of  the  Polynesian  Islands,  though  the  Indian  Archipelago  abounds 
in  them  ;  neither  are  they  found  in  Tierra  del  Fuego,  on  the  coasts 
■bordering  the  Strait  of  Magellan,  nor  in  the  Falkland  Islands. 

Three  species  of  reptiles— a  lizard,  and  two  tri tons— are  found 
in  Ireland,  where  they  must  have  existed  before  its  geological 
separation  from  England. 


OHAPTEE  XXXni. 

THE  AMPHIBIA. 


§  1.  Classification  and  Description  of  the  Amphibia  

This  class  is  divided  into  3  orders,  each  of  which  is  subdivided 
into  families.  The  orders  are  the  PseudojMdia,  the  BatracUa 
Anoura,  or  toads  and  frogs,  and  the  Batrachia  Urodela,  or  Newts. 
The  Batrachia  Anoura  approach  nearest  to  the  nature  of  fishes, 
and  form  a  link  between  aquatic  and  terrestrial  animals.  In  their 
imperfect  state  of  tadpoles  they  have  tails  and  no  feet,  but  when 
fuU  grown  they  generally  acquire  feet  and  lose  their  tails.  In  that 
early  stage  they  are  aquatic  and  breathe  by  gills ;  but  in  a  state  of 
maturity  they  breathe  by  lungs  like  quadrupeds,  though  some  of 
the  genera  always  retain  their  gills  and  tails,  and  some  never 
acquire  feet.  These  animals  have  the  power  of  retarding  and 
accelerating  their  respiration  without  stopping  the  circulation  of 
their  blood,  so  that  they  can  resist  heat  and  cold  to  a  certain 
degree— a  power  most  remarkable  in  the  salamander,  so  varied  in 
appearance  and  nature,  which  forms  part  of  this  class.  Some  as 
toads  and  frogs,  imbibe  a  quantity  of  water,  which  is  evaporated 
through  the  pores  of  the  skin,  and  aids  to  maintain  them  at  the 
temperature  of  the  medium  they  live  in. 

§  2.  The  Batrachia  Anoura.— This  order  consists  of  several 
famihes,  which  have  four  feet,  but  are  without  tails ;  as  froo-s 
hylas  or  rainettes,  toads,  pipse,  &c.  Fror/s  have  no  nails  on  their 
toes,  and  their  hind  legs,  which  are  webbed,  are  longer  than  the 
fore,  and  consequently  better  fitted  for  swimming  and  jmnpincr 
They  are  very  numerous,  including  about  50  species.  The  Hulas' 
or  tree  frogs,  are  all  of  the  most  vivid  and  brilliant  tints  "and 


448 


PHYSICAL  aEOGKAPHY.      Chap.  XXXIII. 


several  colours  are  frequently  united  on  the  same  species.  They 
mostly  live  on  trees,  and  their  feet  have  little  cusliions  at  the  ex- 
treuiities  of  the  toes,  forming  a  kind  of  sucker,  by  means  of  which 
they  can  squeeze  out  tlie  air,  and,  by  the  pressm-e  of  the  atmo- 
sphere, they  adhere  firmly  to  the  underside  of  the  smoothest  leaf, 
exactly  on  the  same  principle  by  which  flies  walk  on  the  ceiling 
of  a  room.  The  Bufo,  or  Toad,  is  the  ugliest  of  the  Batraohiam  ; 
many  of  them  are  hideous,  with  swollen  bodies,  the  skin  being 
covered  with  wart-like  excrescences,  and  toes  obtuse.  Thej^  seldom 
go  into  water,  but  frequent  marshy  and  damp  places,  and  only  crawl, 
whereas  the  frog  and  the  hyla  leap.  They  are  less  numerous  than 
either  of  the  other  genera ;  about  30  species  are  known.  The  common 
toad  is  capable  of  being  tamed,  and  even  of  showing  attachment. 
The  PipcB,  or  tongueless  toads,  are  of  a  still  more  disgusting  form. 
All  these  creatures  produce  a  noise  fi-om  the  lungs,  which  is  er- 
ceedingly  varied;  they  croak  in  concert,  following  a  leader,  and 
when  he  becomes  tired  another  takes  his  place.  One  of  the  North 
American  species  of  frogs  croak  in  bands ;  one  band  begins,  another 
answers,  and  a  third  replies,  till  the  noise  is  heard  at  a  great  dis- 
tance; a  pause  then  takes  place,  after  which  the  croaking  is  renewed. 
Dr.  Darwin  notices  a  small  musical  hyla  at.  Rio  de  Janeiro,  which 
croaks  a  kind  of  harmony  in  different  notes. 

Toads  and  frogs  are  found  in  almost  all  parts  of  the  earth, 
though  very  unequally  and  very  partially  distributed.  America  has 
more  than  all  other  countries  taken  together,  and  Europe  the  fewest. 
Six  species  of  frogs,  one  rainette,  and  two  toads  are  Eiu-opean ; 
and  all,  except  four  of  the  frogs,  are  also  found  in  Asia  and  Africa. 
The  Rana  temporaria  lives  at  the  height  of  7700  ft.  in  the  Pyrenees, 
and  near  the  snow  line  on  the  Alps. 

None  of  this  family  exist  in  the  Galapagos  Islands,  nor  in  any 
of  the  innumerable  islands  of  Oceania  ;  there  are  few  in  Australia, 
and  these,  like  its  quadrupeds,  are  peculiar  to  it.  The  absence  of 
Batrachians  from  oceanic  islands  is  one  of  the  most  interesting 
facts  in  the  distiibution  of  organic  life,  and  is  explained  by  the 
impossibility  of  the  conveyance  of  the  spawn  by  oceanic  cm-rents 
or  in  logs  saturated  by  sea  -water. 

The  great  extent  of  marshes,  rivers,  and  forests,  together  with 
the  heat  of  the  climate,  make  America  the  very  home  of  amphibia, 
and  there  they  gTOw  to  a  greater  "size  than  anywhere  else  :  a  great 
number  of  species  of  frogs,  tree  frogs,  and  toads  are  indigenous  in 
that  continent,  not  one  of  which  is  the  same  with  those  in  the 
Old  World ;  and  most  of  those  in  South  America  are  different 
from  those  in  the  northern  division  of  that  continent.  All  these 
creatures  have  abodes  with  fixed  demarcations,  often  of  small 
extent.    The  Pipa,  or  large  toad  of  Sui-iuam,  is  the  most  horrid  in 
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appeai-fiuce  of  the  tribe  ;  the  Bufo  agua  of  Brazil,  10  or  12  inches 
loug,  and  the  Eaua  pipieus  or  bull-frog  of  Carolina,  are  the  largest, 
§  3.  The  Batrachia  Urodela,  or  jSTewts,  have  tails  and  feet,  as 
the  salamanders,  which  are  Uke  lizards  in  their  general  form,  havino- 
a  long  round  or  flattened  tail  and  4  feet.  They  are  foiuid  in  Europe", 
but  the  greater  number  are  American.  The  Amphiuma,  Meno- 
poma,  and  Syren,  possessing  both  lungs  and  giUs,  are  American: 
the  latter  are  peculiar  to  the  marshes  and  rice-groimds  of  Carolina 
and  the  Axolotl  is  only  foimd  in  the  gi-eat  lake  of  Mexico.  The 
Iroteus  angumus,  of  a  light  flesh  colour,  with  4  little  feet  and  a 
flat  tail,  has  been  hitherto  met  with  only  in  the  dark  subterraneous 
caverns  of  Carniola. 

§  4.  The  Pseudophidia  include  the  CteciliEe,  of  which  there  are 
very  tew  species,  aU  inhabitants  of  the  warm  parts  of  Asia  Africa 
and  America.  They  have  a  cylindrical  body,  without  feet,  and 
move  like  serpents,  thus  forming  a  kind  of  link  between  the  latter 
family  and  that  of  Batrachians.  In  South  America  they  are 
supposed  to  live  m  the  nests  of  ants. 


CHAPTER  XXXIV. 

DISTEIBUTION-  OF  BIRDS. 

§  1.  Classification  Of  Birds—The  species  and  genera  Of  birds 
are  so  mmjerous,  and  there  is  so  gi-eat  imiformity  in^.eneral  st  uc 
ure  and  also  m  the  details  of  external  form,  that  theii^classific.tio. 
IS  exceedingly  difficult,  and  consequently  s  very  ZioT^Tun 
settled.    Eor  the  pm-poses  of  .hislork,  howeveJ,  It  Xu^^^^^^^^ 
adopt  the  classification  which  arranges  them  .u^i^r  Ji^tZr^l 

t%Z  ^/^-y-or  vultures,  fa  cons  owls 

<^c. ;  Perchmg  hrcls,  by  much  the  most  numerous,  comprisii  o  The 
songsters,  &c  .,  CIM..,  as  parrots,  woodpecker  ,  cuck  os  &c 
Ik,eons;  Galhnaceous  birds,  including  our  domestic  fiwls,  part  id4" 

ostuches  Next  to  tropical  America,  S.  Asia  is  richest  in  species  • 
the  greatest  number  of  birds  of  prey  inhabit  Southern  Amrd' 

Towards  the  S.  the  forms  differ  more  and  ^o^m^l^:::^^ 
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and  S.  portion  of  tlie  temperate  zones  of  Asia,  Africa,  and 
America  they  entirely  differ,  whole  families  and  genera  often  being 
confined  within  very  narrow  limits.  Some,  however,  are  almost 
universally  distributed,  especially  birds  of  prey,  waders,  and  aquatic 
species. 

§  2.  lai&ratory  Birds. — Birds  migTate  to  very  great  distances 
in  search  of  food,  passing  the  winter  in  one  country  and  the 
summer  in  another.  As  in  cold  climates  insects  die  or  hybernate 
dm-ing  winter,  and  between  the  tropics  either  perish  or  sleep  in  the 
dry  season,  so,  in  both  cases,  insect-eating  birds  are  compelled  to 
migrate.  When  the  ground  is  covered  with  snow,  the  want  of 
seeds  forces  those  whose  food  is  vegetable  to  seek  it  elsewhere ; 
and  in  tropical  countries  the  annual  inundations  of  the  rivers 
regulate  the  migrations  of  birds  that  feed  on  fish. 

Some  migrate  singly,  some  in  groups,  others  in  flocks  of  thou- 
sands ;  and  in  some  instances  the  old  and  the  young  birds  travel 
separately.  Those  that  fly  in  large  flocks  generally  have  a  leader, 
and  such  as  do  so  in  smaller  numbers  observe  a  certain  order.  Wild 
swans  fly  in  groups  in  the  form  of  a  wedge,  wild  geese  in  a  line. 
Some  birds  are  silent  in  their  flight,  others  utter  constant  cries, 
especially  those  that  migrate  during  night,  as  herons,  goatsuckers, 
and  rails,  to  keep  the  flock  together. 

Birds  of  passage  in  confinement  show  the  most  insurmountable 
imeasiness  as  the  time  of  migration  draws  near.  The  Canadian 
duck  rushes  impetuously  to  the  N.  at  the  usual  period  of  summer 
flight.  The  American  robins,  goldfinches,  and  hangnests,  brought 
from  Canada  to  the  North  American  States  when  young,  dart 
northwards,  as  if  guided  by  the  compass,  as  soon  as  they  are  set  at 
liberty.  Birds  return  to  the  same  place  year  after  year.  Storks 
and  swallows  take  possession  of  their  former  nests,  and  the  times 
of  their  departure  are  exact  almost  to  a  day.  Various  Em-opean 
birds  spend  the  winter  in  Asia  Minor  and  N.  Africa :  while  many 
natives  of  these  coimtries  inhabit  Central  Europe  in  summer. 

The  birds  of  passage  are  more  numerous,  both  in  species  and 
individuals,  in  America  than  in  any  other  country.  Ducks,  geese, 
and  pigeons  migrate  in  myriads  from  the  severity  of  the  northern 
winters  in  search  of  a  more  genial  climate ;  and  when  there  is  a 
failure  of  grain  in  the  south  difl"erent  families  of  birds  go  to  the 
north  The  Virginian  partridge  crosses  the  Delaware  and  goes  to 
Pennsylvania  when  grain  is  scarce  in  New  Jersey;  but  it  is  so 
heavy  on  the  wing,  that  many  out  of  the  flocks  fall  into  the  river 
and  end  their  journey  by  swimming. 

The  «ame  thing  happens  to  the  wild  turkey,  which  is  caught  by 
hundreds  as  it  arrives  wet  on  the  banks  of  the  Ohio,  Missouri,  and 
mssissippi.    These  birds  are  not  fitted  for  long  flight  by  their 
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structure ;  their  bones  have  fewer  of  those  air-cells  which  give 
buoyaucy  to  the  feathejed  tribes.^    The  number  of  air-cells  is 
greatest  in  birds  that  have  to  sustain  a  continued  and  rapid  flight. 
The  extremes  are  to  be  met  with  in  the  swift  and  the  ostrich— 
the  one  ever  on  the  wing,  the  other  never— besides,  the  one  has 
exceedmgly  long  wings,  the  other  hardly  any.   The  strength  of  the 
ostrich  is  in  the  muscles  of  its  leg;  while  the  muscles  on  the 
breast  of  the  swift  weigh  more  than  all  the  rest  of  the  body ;  hence 
it  is  said  to  fly  at  the  rate  of  100  m.  an  horn-.    The  wild  duck  and 
the  wild  pigeon  fly  between  400  and  600  m.  in  a  day.    The  stork, 
quail,  and  some  other  migratory  birds  do  not  halt  till  the  end  of 
their  journey.    Many  sea-birds  are  never  seen  to  rest ;  all  birds  of 
prey,  such  as  the  eagles,  vultures,  and  hawks,  are  of  strong  flight, 
and  capable  of  sustaining  themselves  at  heights  beyond  the  re°ach 
of  less  buoyant  creatures. 

§  3.  distribution  of  Arctic  and  European  birds.  The 

birds  of  Europe  and  North  America  are  better  known  than  those  of 
any  other  part  of  the  globe.  New  species  are  constantly  beino- 
discovered  in  Asia,  Africa,  and  Soxith  America.  '  ° 

There  are  upwards  of  600  species  of  birds  in  Europe,  many  of 
which  are  distributed  over  Asia  and  N.  Africa,  without  mucb 
apparent  variation.  Many  of  our  European  species  are  also  found 
in  North  America,  but  nearly  the  whole  of  these  latter  are  marine 
birds  of  our  northern  latitudes,  which,  like  all  sea-fowl,  have  a 
wide  range. 

More  than  three  fourths  of  the  species,  and  a  much  larc^er  pro- 
portion of  individuals,  of  the  birds  of  Greenland,  Iceland,  and 
Faroe,  are  more  or  less  aquatic,  and  many  of  the  remainder  are  only 
occasional  visitors.  Of  the  few  small  birds,  the  greater  number  are 
British  species :  but  many  that  reside  constantly  in  Britain  are 
migratory  in  Iceland  and  Faroe ;  all  the  small  birds  leave  Green- 
land in  winter.  Waders  are  more  numerous  than  land  birds  in  the 
Arctic  regions.  The  snipe  and  the  golden  plover  are  birds  of  pas- 
sage ;  the  oyster  catcher  remains  all  the  year  in  Iceland,  where  it 
makes  its  nest  near  streams,  and  wages  war  with  the  crow  tribe 


'  The  quills  of  birds'  feathers  are  full  of  air,  and  the  hollow  cavities  in 
their  bones  are  so  many  air-cells,  which  they  can  fill  at  pleasure.  In  birds 
that  ascend  to  great  heights  like  the  Condor,  the  air  iu  the  bones  is  con- 
nected with  the  lungs  by  larger  openings  than  in  other  birds,  to  enable 
them  to  breathe  freely  where  the  air  is  so  much  rarefied.  To  birds  of  lone- 
and  high  flight,  as  in  the  birds  of  passage,  length  of  wing  is  also  necessary 

Ihc.  Oannet  or  Solan  goose  can  force  air  between  its  skin  and  its  bod'v" 
which  makes  it  extremely  buoyant  on  the  water,  and  enables  it  to  bear  tC 
cold  of  the  stormy  northern  seas  on  which  it  lives. 

G  G  2 
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The  lieron,  curlew,  plover,  and  most  of  the  other  waders,  migrate  ; 
sandpipers  and  the  water  ousel  remain  all  the  year  round. 

Web-footed  birds,  heing  clothed  with  down  and  oily  feathers, 
9,re  best  able  to  resist  the  cold  of  a  polar  climate.  Various  species 
of  the  duck  tribe  live  in  the  far  N.,  in  prodigious  multitudes.  The 
mallard,  supposed  to  be  the  origin  of  our  tame  duck,  is  found  every- 
where in  the  Arctic  lands.  There  are  two  European  species  of 
eider-duck :  the  true  eider  {Somnteria  mollissimci)  is  widely  dis- 
persed over  the  islands  and  coasts  of  the  North  Atlantic,  and  all 
the  Arctic  regions  in  Europe  and  America.  The  second  Em'opean 
species  is  the  King-duck  (Somatm-ia  spectabilis). 

Cormorants,  which  live  on  fish,  are  imiversally  distributed  over 
the  northern  seas,  but  are  scarcely  ever  eaten  by  the  natives.  The 
cormorant  sits  singly,  or  sometimes  in  flocks,  on  the  rocks,  watching 
the  fish  with  its  keen  eye :  it  plunges  after  them,  and  pursues  them 
for  three  or  four  minutes  under  water.  Auks  are  very  numerous, 
especially  the  razor  billed  auk ;  but  the  great  auk,  which  is  inca- 
pable of  flight  from  the  smallness  of  its  wings,  is  now  nearly  extinct 
in  the  northern  seas.  Term,  or  sea-swallows,  are  seen  everywhere 
in  these  seas,  skimming  along  the  surface  of  the  water,  devoming 
mollusca  and  small  fish.  Gidls  of  many  species,  and  in  coimtless 
thousands,  are  inhabitants  of  the  Arctic  regions,  while  the  tem- 
perate and  tropical  seas  are  tenanted  by  the  equally  numerous  genus 
Procellaria,  or  Petrel.  No  birds  are  more  vsddely  dispersed  than 
this  genus.  They  are  at  home  and  brave  the  storm  in  every  lati- 
tude and  in  every  sea. 

The  South  Pacific  and  the  Antarctic  seas  are  the  favourite  resort 
of  petrels.  They  take  their  name  from  the  faculty  they  have  of 
skimming  the  waves  with  their  legs  hanging  down,  giving  them 
the  appearance  of  walking  on  the  water,i  which  they  are  a,ided 
by  their  very  large  flat  webbed  feet  and  widely  extended  wings. 
The  stormy  petrels,  consisting  of  several  distinct  species,  about  the 
size  and  colour  of  a  swallow,  the  tempest  bird  or  Mother  Oary  s 
chicken  of  the  sailors,  are  the  most  widely  difi"used  ;  their  flight  is 
rapid  ;  they  shelter  themselves  from  the  storm  in  the  hollow  of  a 
wave,  and  go  to  land  only  at  the  breeding  season. 

The  greater  part  of  the  marine  birds  of  the  Arctic  seas  are  in- 
habitants also  of  the  N.  coasts  of  the  continent  of  Europe,  and 
visit  the  British  islands. 

Few  parts  of  Europe  are  richer  in  birds  than  Britain,  both  m 
species  and  the  number  of  individuals;  and  the  larger  game  is  so 
abundant,  that  no  one  thinks  of  eating  the  songsters  and  other 
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small  birds,  as  we  see  in  the  S.  of  Europe.  Of  the  Eui'opean 
birds,  277  species  are  found  in  our  islands.  It  is  probable  that 
most  of  the  British  birds  came  from  Gennany  before  the  separation 
of  our  island  from  the  continent,  and  that  many  of  short  flight 
never  reached  Ireland. 

There  are  5  European  species  of  Vidture  :  the  Lammergeyer  of 
the  Alps  and  Pyrenees  builds  its  nest  in  the  most  inaccessible  parts 
of  the  mountains,  and  is  seldom  seen  ;  it  lives  also  on  the  mountaiu& 
of  N.  India,  Abyssinia,  and  in  the  steppes  of  Mongplia.  Ten 
species  of  eagle  are  European  ;  one  is  peculiar  to  Italy  and  N.  India  ; 
and  few  if  any  of  them  are  common  to  America.  The  Golden 
Eagle  is  perhaps  an  exception  ;  that  beautiful  bird,  which  once  gave 
a  characteristic  wildness  to  our  Scottish  mountains,  and  the  distin- 
guishing feather  to  the  bonnet  of  our  highland  chieftains,  is  now 
nearly  extii'pated,  and  so  are  some  of  our  niunerous  hawlrs.  Among 
others,  the  Jer  or  gentil  falcon  has  been  so  much  hunted  down,  that 
it  is  now  rare  even  in  Iceland,  its  native  place ;  there  are  still  a  few 
in  Scotland,  and  several  are  caught  in  their  migratory  flight  over 
the  Low  Countries  and  trained  by  the  expert  falconers  for  the  now 
nearly  obsolete  sport  of  falconry. 

The  Oiol  tribe  is  numerous,  and  many  of  them  are  of  beautiful 
plumage.  The  Buho  maximus,  or  great  horned  owl,  the  largest  of 
our  nocturnal  birds,  inhabits  the  forests  of  Central  and  Southern 
Europe  ;  it  is  rare  in  France  and  England,  though  not  uncommon 
in  Ireland  and  Orkney  :  in  Italy  a  small  owl  is  tamed  and  used  as  a 
decoy  in  the  capture  of  smaller  birds. 

The  two  species  of  our  European  Goatsuckers  migr&te.  to  Afiica 
in  winter ;  their  peculiar  cry  may  be  heai-d  in  a  moonlight  night 
when  a  large  flock  takes  wing  for  the  journey.  Oiu-  swallows 
go  all  to  N.  Africa:  one  of  our  kingfishers  {Alcedo  hispida)  is 
resident;  the  other  {Ceryle  rudis)  is  a  native  of  Lower  Egypt  and 
the  shores  of  the  Red  Sea,  and  is  only  occasionally  found  in  S, 
Em-ope. 

The  SylmdcB  have  soft  and  pointed  beaks,  and  feed  on  insects 
and  worms ;  the  nightingale,  the  robin-redbreast,  the  wren,  the 
smallest  of  European  birds,  the  warblers,  and  white-throat,  belong 
to  this  family.  Four  species  of  fly-catchers  are  found  in  Europe, 
and  five  species  of  shrikes.  The  Fringillidce  or  thick  billed  birds 
are  niunerous  in  Europe  ;  to  them  belong  some  of  our  finest  song- 
sters. Compared  with  America  the  starling  family  are  few  in 
species,  as  well  as  the  woodpeckers,  of  which  we  have  6,  some 
very  beautiful.  There  is  only  one  cuckoo  purely  European  ;  the 
other  two  species  that  visit  us  arrive  only  accidentally,  and  all  are 
birds  of  passage.  There  are  4  species  of  pigeons :  the  ringdove 
frequents  the  larch  forests  and  is  permanent ;  the  stockdove  leaves 
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us  m  October  ;  the  Biset  or  rock  pigeon,  supposed  to  be  the  parent 
bird  from  which  the  infinite  variety  of  our  domestic  pigeons  has 
sprung,  flies  in  flocks,  and  makes  its  flimsy  nest  on  rocks  on  the 
sea  coast.^  Of  Gallinaceous  Birds  we  possess  many :  the  pheasant 
has  been  introduced  from  the  adjoining  parts  of  Asia;  the  caper- 
cailzie, or  gigantic  black  grouse,  for  many  years  extinct  in  the 
British  forests,  but  recently  restored  to  Scotland,  still  inhabits 
many  parts  of  Europe ;  in  Scandinavia  especially  it  is  plentiful  as 
far  as  the  pine  tree  grows,  which  is  nearly  to  North  Cape,  and  also 
in  the  Russian  forests.  The  hazel  grouse  frequents  the  pine  and 
the  aspen  forests  in  Central  and  N.  Emope,  where  the  black-cock 
also  is  plentiful.  Five  species  of  grouse  and  6  of  partridges  afibrd 
abundance  of  game  ;  4  of  the  latter  are  confined  to  the  S.  parts  of 
the  continent,  and  so  are  the  sand  grouse,  which  form  a  separate 
genus.  They  inhabit  the  sterile  plains  of  Andalusia  and  Granada, 
S.  Italy,  and  Sicily. 

European  Waders  are  very  numerous,  and  among  them  there  are 
species  of  most  of  the  described  genera ;  woodcocks,  snipes,  plovers, 
and  curlews  are  very  abmidant,  and  herons  of  various  species  ;  there 
are  three  species  of  egret  or  crested  heron,  and  the  common  heron 
now  assembles  on  the  tops  of  trees  unmolested,  since  the  progress 
of  agriculture  has  rendered  the  coimtry  unfit  for  hawking.  Two 
species  of  cranes,  a  stork,  and  two  of  ibis,  are  met  with  in  Europe : 
a  flamingo  lives  in  the  S.E.  parts  of  the  continent,  and  in  the 
Maremma  or  plains  on  the  W.  coasts  of  Italy.  Many  of  the 
yaders,  however,  migrate  in  winter.  The  stork,  so  great  a 
favourite  in  Holland,  that  it  is  specially  protected,  is  migratory  ; 
it  retires  to  Asia  Minor  and  Afi-ica,  and,  on  the  retm-n  of  siunmer, 
resumes  its  former  nest  on  a  chimney  top,  breeding  in  both  countries. 
About  140  species  of  European  birds  either  live  in  the  more  elevated 
parts  of  the  Alps,  or  cross  them  in  their  annual  migTations.  They 
generally  take  their  flight  by  the  Great  St.  Bernard,  the  pass  of  St. 
Theodule,  the  Simplon,  and  St.  Gothard.  Europe  is  particularly 
rich  in  aquatic  birds ;  there  are  3  species  of  wild  swans,  4  of  geese, 
and  more  than  30  of  the  duck  tribe,  including  those  that  inhabit 
the  Arctic  seas. 

§  4.  Birds  of  Asia  and  the  Indian  Archipelago. — Euro- 
pean birds  are  widely  spread  over  N.  Asia ;  most  of  the  Arctic 
sea-fowl  frequent  its  N.  coasts ;  between  50  and  60  Em-opean 
birds  are  also  Siberian,  and  there  are  above  70  European  species  in 
Japan  and  Oorea,  which  probably  also  extend  to  Siberia  and  the 
Altai  Mountains,  and  some  few  are  identical  with  the  birds  of 
North  America ;  so  that  a  similar  affinitj'-  prevails  in  the  feathered 
tribes  of  the  Arctic  regions  as  in  their  vegetable  productions. 

Asia  Minor  is  a  country  of  transition,  and  many  European  bii-ds 


Chap.  XXXIV.      ASIATIC  AND  INDIAN  BIRDS.  455 


are  mixed  witli  those  of  -warmer  regions,  as  the  Halcyon  Smyr- 
nensis,  a  bird  with  gorgeous  plimaage,  identical  with  the  great 
Bengal  kingfisher  so  generally  found  in  India.  European  birds  also 
inhabit  the  Caucasus,  the  shores  of  the  Caspian  Sea,  and  Persia. 
Moreover,  these  warmer  climates  are  the  winter  quarters  of  various 
European  species. 

Farther  E.  the  ty^es  become  more  Indian  ;  the  great  peninsulas 
on  each  side  of  the  Ganges  are  the  native  countries  of  the  most 
gorgeous  of  birds.  Many  species  of  Kincifishers  of  the  brightest 
colouring  are  found  here ;  the  plumage  of  the  Fly-catchers  has  the 
richest  metallic  lustre  ;  and  the  Shrikes,  of  a  sober  hue  in  our 
N.  latitudes,  are  there  decked  in  the  most  brilliant  colours; 
the  Irene  has  a  coat  of  the  brightest  ultramarine  blue,  and  the 
Calyptomenm  of  Sumatra  and  Malacca  one  of  an  equally  brilliant 
emerald  green. 

The  Large  beaked  Climbing  Birds  are  singularly  handsome.  The 
small  collared  Parakeet,  so  easily  taught  to  speak,  has  inhabited 
the  Indian  forests  and  the  banks  of  the  Ganges  time  out  of  mind 
with  a  host  of  congeners  of  every  colour ;  not  one  species  of  these, 
or  indeed  of  the  whole  parrot  tribe,  is  common  to  Asia,  Africa, 
America  and  Australia,  nor  even  to  any  two  of  these  great  con- 
tinents, except  the  collared  species,  which  is  found  in  Africa  as 
well  as  India.  They  are  vividly  coloured  in  India,  in  which  the 
numerous  species  of  cuckoos  rival  them ;  several  genera  of  birds  of 
the  cuckoo  family  exist  nowhere  else. 

Southern  Asia  is  distinguished  by  the  variety  of  its  Gallinaceous 
Birds  and  the  gorgeousness  of  their  plumage.  To  this  country  we 
owe  our  domestic  fowls  ;  and  the  2  known  species  of  peacock  are 
wld  in  the  woods  of  India  and  its  islands.  Some  of  the  most 
briUiant  birds  of  the  East  belong  to  the  pheasant  tribe,  of  which  5 
species  are  peculiar  to  China  and  Tibet.  There  are  various  species 
of  the  pheasant  in  the  Himalayas,  the  feathers  of  which  have  a 
metallic  lustre.  The  gold,  the  silver,  and  Reeves'  pheasant,  the 
tail  feathers  of  which  latter  are  4  ft.  long,  are  natives  of  China. 
The  Loph(yphorus  refulgens,  and  some  others  of  that  genus,  are 
peculiar  to  the  mountains  of  N.  India. 

The  Pigeons  also  are  very  splendid  in  their  plumage ;  they  mostly 
belong  to  S.  Asia  and  the  islands ;  several  of  those  in  the  Birman 
empire  are  green. 

It  would  be  impossible  to  enumerate  the  beautiful  birds  that 
live  in  the  forests  of  the  Asiatic  continent,  yet  those  of  the  Indian 
Archipelago  far  surpass  them  in  splendour  of  plumage ;  these 
islands,  indeed,  are  the  abode  of  the  most  gorgeously  arrayed  birds 
in  existence.  Even  in  .Tava  and  Sumatra,  though  most  similar 
to  India  in  their  winged  inhabitants,  there  are  many  peculiar, 
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especially  several  species  of  the  climbin<r  tribe  and  of  the  honey 
sucking  kind ;  but  the  dissimilarity  increases  with  the  distance, 
and  in  New  Guinea  and  its  adjacent  islands  the  honey  suckin^J 
genera  are  developed  in  novel  forms  and  sumptuous  plumage, 
and  the  ornithology  generally  is  more  nearly  allied  to  that  "^of 
Australia. 

Many  genera  are  peculiar  to  India :  and  many  others  are  found 
exclusively  in  the  islands  of  the  Indian  Archipelago,  several  of 
which  are  limited  to  one  or  two  islands.  There  we  find  the  Cassi- 
cnm,  which  resemble  jays,  with  plumage  of  metallic  lustre ;  various 
species  of  Buceros  with  large  horned  beaks ;  Orioles  of  vivid  colours : 
the  Swalloiv  that  builds  the  edible  nest ;  uimierous  and  splendid 
Sylvias ;  and  many  species  of  Mellij^hagida;  or  honey  sucking  birds, 
whose  tongues  terminate  like  a  brush.  Several  species  of  Birds  of 
Paradise  inliabit  New  Guinea  and  the  neighbouring  Moluccas  and 
Aroo  Islands.  They  are  birds  of  passage,  and  change  their  quar- 
ters with  the  monsoon.  The  King  or  Roijal  Bird  of  Paradise  has 
two  long  slender  filaments  projecting  fi-om  the  tail,  ending  in  a 
curled  fiat  web  of  emerald  green,  and  the  male  of  the  green  species 
has  long  flowing  plumes  from  the  sides  of  his  body,  which  give 
him  a  gorgeous  appearance.  The  pigeons  are  peculiarly  beautiful 
and  numerous,  but  limited  in  their  abode.  The  two  'species  of 
Goura,  or  great  crowned  pigeon,  the  largest  of  their  tribe,  are 
inhabitants  of  New  Guinea.  Each  island  has  its  own  species  of 
Lories ;  many  Parakeets,  Cockatoos,  Kinfjjishers,  and  Barhets  with 
Imge  beaks,  are  peculiar  to  these  islands.  Even  the  partridges 
have  changed  their  dull  colours  and  assumed  the  vivid  hues  of  the 
tropics.  Other  gallinaceous  species  far  surpass  them  in  beauty,  as 
the  Argus  plieasant.  One  of  the  C'assoivaries,  a  bird  akin  to  the 
ostrich,  without  the  power  of  flying,  but  fleet  in  its  course,  has  a 
wide  range  in  the  Melanesian  Archipelago,  extending  from  New 
Guinea  and  North  Australia  to  New  Britain. 

§  5.  iifrican  Birds. — A  great  number  of  European  birds 
are  also  inhabitants  of  N.  Africa ;  and  many  migrate  there  in 
winter,  but  the  birds  of  the  central  part  of  the  continent,  S.  of 
the  great  desert,  are  quite  peculiar  and  characteristic.  Those  of 
the  W.  and  N.E.,  and  at  the  Cape  of  Good  Hope,  are  best  known, 
the  greater  part  of  tropical  Africa'  being  still  unexplored  bv  the 
naturalist.  It  may  be  observed  generally  that  the  birds  of  S. 
Africa  differ  fi'om,  but  are,  with  few  exceptions,  corresponding 
species  with  those  in  the  W.  and  N.E.  parts  of  the  continent,  and 
that  the  whole  of  Africa  S.  of  the  desert  differs  in  species  from 
N.  Africa  and  from  Europe. 

Africa  possesses  at  least  700  species  of  the  Passmne  order. 
Many  Kinojishers,  the  most  beautifidly  coloured  of  their  brilliant 
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race,  frequent  the  "banks  of  the  lakes  and  rivers  :  2  species  of 
Hoopoes,  one  of  which  visits  Eui-ope  in  siunmer,  and  the  Honey-birds 
are  pecuHarly  abundant  in  Afi-ica.  They  abound  at  the  Oape  of 
Good  Hope,  where  the  nectaries  of  the  Proteas  and  other  plants 
furnish  saccharine  juice  for  their  food.  The  Canary  Bird  is  con- 
fined to  the  Canary  Islands.  Various  genera  of  Bush  Shrikes, 
many  of  which  are  remarkable  for  the  soft  and  las  feathering  of 
the  lower  back,  are  pecidiar  to  Africa ;  likewise  a  very  fine  group 
of  birds  allied  to  the  starlings,  conspicuous  fi-om  their  brilliant  and 
glossy  plumage.  The  Ox-picker  or  Buphaxja,  of  which  2  species 
are  known,  is  also  highly  characteristic  of  African  ornithology. 
The  Weaving  Bird,  or  Ploceus  textor,  is  one  of  the  most  remarkable 
of  the  granivorous  tribe ;  it  dexterously^  weaves  its  nest  with 
grass  and  twigs.  The  Whidah  Bird,  several  species  of  Bee-eater, 
the  Colious,  and  all  the  Touracous  or  Flantain-eaters,  with  many 
species  of  Woodpeckers,  are  found  nowhere  else.  The  Parrots, 
which  are  much  less  numerous  than  in  Asia  or  South  America,  are 
of  peculiar  forms.  One  species  of  Trogon  and  several  genera  of 
Barhets  are  purely  African,  and  so  are  some  of  the  Cuckoos.  Among 
the  latter  are,  several  species  of  the  genus  Indicator,  so  named 
from  indicating  where  the  bees  have  placed  their  nests ;  one  of 
these  is  peculiar  to  Abyssinia,  another  to  the  interior  at  the  Oape 
of  Good  Hope  and  the  forests  on  the  Zambesi. 

To  Africa  we  are  indebted  for  the  Guinea  Fowl,  of  which  there 
are  6  or  7  species  known  :  they  wander  in  flocks  of  hundreds 
among  the  brushwood  on  the  banks  of  rivers  and  lakes  in  all  the 
tropical  regions,  and  are  even  more  abundant  in  Madagascar.  Many 
species  of  Gallinaceous  Birds  are  peciiliar,  especially  the  Gangas,  of 
which  there  are  no  less  than  6 ;  some  unite  in  coveys,  and  others 
traverse  the  deserts  in  flocks  of  many  hundreds.  These  birds  are 
much  more  abundant  on  the  arid  deserts  of  N.  Africa  than  in 
Europe ;  the  partridges  in  this  country  are  represented  by  the 
francolin. 

The  Ostrich  occupies  the  wide  range  of  Africa  and  Arabia ;  and 
Bustards,  also  wanderers  in  the  plains,  are  numerous  :  the  most 
peculiar  are  the  Houhara,  and  the  Otis  caffra,  in  S.  Africa,  the 
latter  5  ft.  high,  remarkable  for  the  brilliancy  of  its  eye. 

Waders  of  infinite  variety  inhabit  the  rivers,  lakes,  and  marshes 
—woodcocks,  snipes,  plovers,  storks,  cranes,  herons,  and  spoonbills. 
The  most  peculiar  are  the  Dromes  and  Marabou?,  the  feathers  of 
•which  form  a  considerable  article  of  commerce  ;  the  cream  coloured 
Plover,  the  Scopus  or  Ombrette,  the  Water  Treader  of  Abyssinia, 
and  the  Tantalus  or  Curlew  tribe,  to  which  belongs  the  Ibis  (JJei 
religiosa),  held  sacred  by  the  ancient  Egyptians,  so  frequently 
found  as  mummies  in  the  catacombs,  and  represented  on  their 
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monuments,  and  the  recently  discovered  huge  broad  billed  Heron, 
the  Balceniceps  rex,  which  inhabits  tlie  upper' branches  of  the  White 
Nile,  where  it  feeds  on  water  tortoises  and  lizards. 

§  6.  Birds  of  TJ-orth  America.— Of  more  than  600  species  of 
North  American  birds,  about  100  are  also  found  in  Europe,  the 
greater  number  of  which  are  aquatic,  and  live  on  the  N.  coasts  of 
both  continents.  The  Sea  Birds  of  the  North  Pacific  and  Behring 
Strait  very  nearly  resemble  those  in  the  Greenland  Seas  and  the 
North  Atlantic ;  the  great  aidi  of  our  northern  seas  also  exists  on 
the  North  Pacific ;  and  the  large  white  albatross,  seldom  seen  in 
the  North  Atlantic,  frequents  in  immense  flocks  Behring  Strait 
and  the  W.  coasts  of  North  America.  It  is  met  with  almost 
everywhere  in  the  Pacific  as  far  as  the  stormy  regions  near  the 
Antarctic  circle.  Like  the  petrel  it  is  a  bird  of  the  tempest, 
sailing  calmly  on  its  wide-spreading  wings  in  the  most  tremendous 
gales,  and  following  a  ship  for  days,  seldom  resting  on  the  wave : 
this  and  the  giant  petrel  are  the  largest  of  winged  sea  fowls ;  some 
measure  14  ft.  between  the  tips  of  the  wings. 

There  is  no  species  of  vulture  common  to  the  two  continents, 
but  there  are  Eagles  and  other  birds  of  prey,  and  several  Waders  and 
web-footed  birds :  yet  in  their  general  character  the  birds  of  North 
America  difller  from  those  of  Europe :  about  80  American  genera 
and  2  families  are  not  found  in  Europe.  The  Humming  Birds 
are  exclusively  American;  only  four  species  are  foimd  in  the 
Northern  States.  The  Parrot  family  has  but  one  representative 
here,  which  lives  in  the  forests  of  the  Carolinas.  It  is  singular 
that  a  country  with  so  many  rivers  and  lakes  should  possess  only 
one  species  of  Kingfisher.  The  woods  are  fiUed  with  many  species 
of  Creeping  Birds,  and  there  are  numerous  peculiar  Wood  Warblers 
and  Tyrant  Fly-catchers.  Ravens,  Croios,  Pies,  and  Jays  abound. 
The  Finch  tribe  is  very  numerous,  and  there  are  16  species  of  Wood- 
pechers,  as  might  be  expected  in  a  country  covered  with  forests. 
Of  Pigeons  there  are  8  species,  but  individually  they  are  iunu- 
merable,  especially  the  Ectopistes  migratoria,  which  passes  over 
Canada  and  the  N.  States  in  myriads  for  successive  days  twice 
in  the  year.  Our  poultry  yards  are  indebted  to  North  America 
for  the  Domestic  Turkey,  which  there  ranges  wild  in  its  native 
woods  and  attains  great  size.  There  are  no  Parfj-idges,  properly 
speaking,  but  the  Ortyx,  a  genus  closely  allied,  represents  them, 
and,  of  13  American  species  of  Gi'ouse,  only  one  probably  is 
found  in  Europe.  The  vast  expanse  of  water  and  marshy  ground 
makes  North  America  the  favoured  region  of  innumerable  water 
fowls  and  waders.  Most  of  the  waders  and  granivorous  birds  are 
migratory ;  in  winter,  finding  no  food  N.  of  the  great  lakes,  where 
the  ground  is  frozen  upwards  of  6  months  in  the  year,  they  are 
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obliged  to  migrate  to  the  S. ;  many,  as  Storks  and  Cranes,  pass 
the  winter  iu  California  ;  wild  geese  cover  acres  of  ground  near  the 
sea,  and  when  they  take  wing  their  clang  is  heard  from  afar. 
Even  gulls  and  other  northern  sea  birds  repair  to  the  coasts  of 
California,  and  to  the  temperate  shores  of  all  the  North  Pacific. 

It  may  be  said  generally  that,  with  regard  to  the  web-footed 
order.  North  America  possesses  species  of  all  the  genera  of  the  Old 
World,  and  many  peculiarly  its  own.  The  table-land  of  Mexico 
has  some  peculiar  forms,  and  a  few  species  of  swimming  birds 
found  only  in  more  northern  latitudes. 

§  7.  Birds  of  South  America. — The  inhabitants  of  the  air  in 
South  America  differ  more  from  those  in  North  America  than 
these  latter  do  from  the  birds  of  Europe  :  there  are  not  more  than 
60  or  60  species  common  to  the  two  continents  of  the  W.  hemi- 
sphere.   South  America  has  a  greater  variety  of  original  forms 
than  any  other  country;   more  than  200  genera  with  all  their 
species  inhabit  that  continent  only :  of  the  passerine  family  alone 
there  are  at  least  1000  species,  all  peculiar  to  it.    The  Vultures 
belong  to  diflferent  forms  from  those  in  Europe ;  the  Condor  of  the 
Andes  is  the  largest;   it  frequents  the  highest  pinnacles  of  the 
Andes  in  summer,  and  builds  its  nest  at  the  height  of  15,000  ft. 
and  more  above  the  sea ;  Humboldt  saw  it  wheeling  in  circles  at 
the  elevation  of  22,000  ft.    It  inhabits  the  Andes  from  the  Strait 
of  Magellan  to  7°  N.  lat.,  but  it  has  never  been  seen  N.  of  the 
Isthmus  of  Panama,  the  Oalifornian  Condor  being  a  different  and 
smaller  bird.    It  roams  over  the  plains  of  Patagonia  even  to  the 
mouth  of  the  Eio  Negro,  and  at  times  descends  from  the  Andes  to 
the  sea  shore  to  feed  upon  dead  whales  ;  like  all  the  vulture  tribe, 
it  possesses  the  faculty  of  discovering  a  dead  or  a.  dying  animal 
from  a  very  great  distance.   Although  the  Condor  lives  principally 
on  dead  animals,  it  will  sometimes  attack  the  living  ;  its  habits  are 
those  of  our  common  vulture  ;  its  size  and  ferocity  have  been  much 
exaggerated ;  the  most  remarkable  point  in  its  history  is  the  great 
vertical  extent  at  which  it  is  Imown  to  live,  from  the  level  of  the 
sea  to  an  elevation  of  nearly  4  m.    The  Sarcm-hami^hus  paim,  or 
king  of  the  vultures,  an  inhabitant  of  the  tropical  regions,  is 
remarkable  for  the  bright  blue  and  vermilion  colour  of  its  bare 
head  and  neck  ;  the  black  vulture  lives  in  large  flocks  on  tlie  high 
trees  in  the  forests  of  Brazil,  and  extends  as  far  northwards  as  S. 
Mexico:  other  species  prey  on  animals  in  the  llanos  or  plains. 
The  Guctcharo,  or  Fat  bird,  which  forms  of  itself  the  genus 
Steatornis,  is  the  size  of  a  common  fowl,  with  the  form  and  beak  of 
a  bird  of  prey,  and  is  a  singular  instance  of  a  nocturnal  bird 
feeding  on  fruit.    It  shuns  the  daylight,  and  is  found  under  the 
natural  bridge  of  Pandi,  near  Bogota,  and  in  the  caverns  of 
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Guadaloiipe  and  Trinidad:  incredible  numbers  have  taken  pos- 
session of  the  dark  cavern  of  Guacharo  in  the  valley  of  Oaripe, 
where  they  are  killed  by  thousands  every  year  for  their  fat. 

The  Troupials  represent  our  Starlings,  Bataras&nA.  Becardes 
our  Shrikes,  while  the  Tanacjers,  gaily  coloured  members  of  the 
family  Frinc/illiclce,  show  likewise  some  connection  with  the  Ame- 
rican Wood-warbler.  The  Trochilidm,  or  humming  birds,  are 
peculiarly  characteristic  of  South  America ;  400  species  of  this 
group,  from  the  size  of  a  wren  to  that  of  a  humble  bee,  adorn  the 
tropical  regions  of  Brazil  and  Guiana.  This  family  is  peculiarly 
American,  and  ranges  from  the  Strait  of  Magellan  to  38°  N.  lat. ; 
it  may  be  met  with  in  the  forests  on  the  mountain  of  Orizaba  at 
an  elevation  of  11,000  ft.  above  the  sea,  and  some  beautiful  species 
of  it  at  still  greater  heights  in  the  Andes  of  Boli-via  and  New 
Granada.  There  are  only  3  or  4  himiming  birds  that  visit  the 
N,  States,  but  many  are  permanent  in  Central  America :  in  some 
places  these  birds  are  migratory :  they  come  in  multitudes  to  N. 
Chile  in  summer,  and  disappear  in  winter.  In  British  Columbia 
they  appear  in  spring  immediately  on  the  melting  of  the  snow, 
when  the  wild  Kibes  burst  into  blossom.  The  Climbing  Birds,  with 
large  bills,  are  mostly  confined  to  the  tropical  forests,  wbich  swarm 
with  peculiar  races  of  toucans,  parrots,  and  macaws.  Parrots 
range  from  the  Strait  of  Magellan  to  42°  N.  lat.,  where  the  Eider- 
dihck,  which  is  a  peculiar  Arctic  bird,  first  shows  itself.  There  are 
whole  families  of  birds  in  tropical  America  not  to  be  seen  else- 
where :  as  the  vividly  coloured  Toucan,  with  its  huge  beak  ;  the 
Ai'acari,  some  peculiar  genera  of  the  gorgeous  Trogons ;  the 
Tamatias  and  Jacamars,  which  are  both  allied  to  the  Kingfishers. 

The  Gallinaceous  Family  is  totally  different  fi'om  that  of  the  Old 
World  ;  the  Guan  or  Penelope,  and  the  different  species  of  Orax 
or  Alectors,  represent  oui-  pheasants,  which  they  excel  in  size,  but 
not  in  beauty  of  plumage ;  whilst  the  numerous  species  of  Tinamous 
and  cognate  genera  fill  the  place  of  the  grouse,  quails,  and  par- 
tridges of  the  old  continent.  South  America  furnishes  2  species 
of  Grallatorial  Birds  of  a  very  peculiar  character — the  Cariama  of 
Brazil,  like  the  secretarj^  bird  of  the  Cape  of  Good  Hope  in  its 
form  and  its  instinct  for  destroying  reptiles,  although  belonging  to 
a  different  order ;  and  the  Kamichi,  which  possesses  a  sharp  tri- 
angular spur  at  the  point  of  each  wing,  an  instrument  of  attack 
and  defence  such  as  is  possessed  by  no  other  bird  to  the  same 
extent. 

The  three  toed  or  American  Ost^'ich  ranges,  like  all  its  congeners, 
over  a  wide  extent  of  country.  One  species,  the  Rhea  Amencana, 
is  found  from  the  forests  of  Brazil  to  the  Rio  Negro,  which  bounds 
the  Pampas  of  Buenos  Ayi'es  on  the  S.,  and  in  some  of  the  elevated 
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plains  of  the  Peru-Bolivian  Cordilleras ;  while  the  Rhea  Darioinii 
roams  over  the  plains  of  Patagonia  to  the  Strait  of  Magellan. 

The  Water  Fowl  and  Waders  in  this  land  of  rivers  are  heyond 
uumher ;  millions  of  Flamingoes,  Spoonbills,  Cormorants,  Herons, 
and  Fishing  Falcons  follow  the  fish  as  they  go  up  the  rivers  to 
spawn  ;  a  little  snow-white  heron  walks  on  the  back  and  over  the 
head  of  the  alligator  while  it  sleeps.  The  water  fowl  are  almost 
all  peculiar.  Eight  or  9  genera  belonging  to  the  warm  climates  of 
the  Old  World  are  here  represented  by  new  forms,  and  the  number 
of  specific  forms  of  the  same  genus  -is  greater  than  in  any  other 
country.  The  splendid  red  Ibis,  or  Ibis  rubra,  inhabits  Cayenne  ; 
the  Eury-pyga  helias,  the  most  beautiful  of  the  heron  tribe,  from  its 
variegated  plumage,  is  found  in  the  same  coimtry. 

Ducks  migrate  in  immense  flocks,  alternately^  between  the 
Orinoco  and  the  Amazons,  on  account  of  the  greater  supply  of  fish 
afli'orded  by  the  floods  of  these  rivers,  which  take  place  at  intervals 
of  6  months  fi-om  each  other.  Between  the  tropics  the  vicissi- 
tudes of  drought  and  humidity  have  much  influence  on  the  migra- 
tion of  birds,  because  the  supply  of  their  food  depends  upon  these 
atmospheric  changes. 

If  anything  more  were  required  to  show  the  partial  location  of 
the  feathered  tribes,  the  Galapagos  Archipelago  might  be  adduced 
as  an  example.  Of  26  birds  collected  by  Dr.  Darwin,  26  were 
peculiar,  though  bearing  a  strong  resemblance  to  American  types  ; 
some  (the  Orpheus  and  the  Geosjnzincs)  were  even  confined  to  par- 
ticular islands.  But  on  this  comparatively  recent  volcanic  group, 
only  500  m.  distant  from  the  coast  of  America,  everything  is  ex- 
clusively its  own — ^birds,  plants,  reptiles,  and  fishes ;  and  though 
under  the  equator,  none  have  brilliant  colours. 

The  coasts  of  Peru  and  N.  Chile,  from  their  desert  nature,  are 
not  rich  in  land  birds,  but  in  S.  Chile  there  are  several  species 
of  Humming  Birds,  Parrots,  Flamingoes,  peculiar  Ducks  and 
Geese ;  and  there  commences  that  inconceivable  number  of  Sea 
Birds  that  swarm  on  the  seas  and  coasts  of  the  Antarctic  regions. 
The  Black  Shearwater,  or  Ithyncho2iS  nigra,  in  its  flights  has  been 
seen  to  form  a  dense  mass  7  m.  long  ;  a  particular  species  of  Cb?-- 
moi'ant  flies  in  flocks  that  form  an  unbroken  line  for  miles.  Peli- 
cans, Terns,  Petrels,  &c.  &c.,  cover  the  low  islands  and  coasts  of 
the  mainland,  and  those  of  Tierra  del  Fuego. 

In  the  Antarctic  and  S.  seas  Petrels  take  the  place  which  GvJls 
occupy  in  our  northern  latitudes,  and  inhabit  the  high  S.  ones 
in  prodigious  numbers.  Two  remarkable  species  of  this  genus  are 
found  throughout  the  Southern  Ocean  on  both  sides  of  Cape  Horn 
—  the  Giant  Petrel  (P.  gigantea),  equal  to  the  Albatross  in  size 
and  resembling  it  in  its  mode  of  life — it  sometimes  becomes 
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perfectly  white  :  and  the  Equinoctial  Petrel  (P.  aquinoctialis),  a 
beautiful  bird  as  large  as  our  domestic  fowl,  and  of  a  jet-black 
colour.    A  flock  of  what  was  supposed  to  be  the  young  of  the 
Petrel  Pintado,  or  Oape  Pigeon  (P.  capemis),  seen  during  the 
expedition  of  Sir  James  Ross,  was  estimated  to  have  been  from  6 
to  10  m.  long,  and  2  or  3  m.  broad,  absolutely  darkening  the  air 
during  the  two  or  three  hours  they  were  flying  over  the  ships.  The 
snowy  petrel,  a  most  elegant  bird,  never  quits  the  ice,  and  conse- 
quently is  seldom  seen  outside  of  the  Antarctic  circle.  Four 
species  of  the  southern  Pengflins  (A^jtenodijtes)  inhabit  these  seas  ; 
the  A.  Forsteri,  the  largest  of  sea  birds,  a  rare  and,  for  the  most 
part,  solitary  species,  weighing  from  60  to  70  pounds,  lives  on  the 
pack-ice.    Two  other  species  of  this  genus  are  smaller  and  gre- 
garious ;  they  crowd  in  myriads  the  snow  clad  islands  in  the  high 
S.  latitudes ;  every  ledge  of  rock  swarms  with  them,  and  on  the 
shore  of  Possession  Island,  close  to  Victoria  Land,  it  is  difficult 
to  pass  through  this  feathered  multitude.    They  are  fine,  bold 
birds,  pecking  and  snapping  with  their  sharp  bills  at  those  who 
venture  to  approach  them.    They  can  scarcely  walk,  and,  their 
wings  being  mere  flappers,  they  cannot  fly ;  from  the  position  of 
their  legs  they  can  stand  erect  on  land,  whilst  tbey  skim  along  the 
sea,  and  swim  with  great  rapidity,  even  under  water,  resembling 
more  a  fish  or  a  seal  than  a  bird  in  their  movements.    Two  species 
of  Albatross  breed  in  the  Antarctic  islands;  and  a  land  of  Skua 
Gull,  which  robs  their  nests ;  also  a  goose  which,  like  the  eider- 
duck,  lines  its  nest  with  the  down  plucked  from  its  breast.  A 
very  curious  bird,  forming  a  kind  of  link  between  the  gallinaceous 
birds  and  waders,  the  Chionis,  or  Sheath-bill,  is  only  found  near 
the  S.  extremity  of  the  American  continent :  it  is  of  a  milky 
white,  of  the  size  of  our  domestic  pigeon,  and  often  takes  refuge  on 
the  yards  and  rigging  of  ships  ofl'  Cape  Horn  and  Staten  Laud, 
where  it  lives  chiefly  on  a  small  species  of  cuttie  fish.    Few  land 
birds  are  met  with  within  the  Antarctic  circle :  there  are  but  7  or 
8  in  the  Auckland  Islands,  mostly  species  common  to  New  Zea- 
land; among  others,  the  Tooa  or  Tui,  and  an  olive  coloured 
creeper,  the  choristers  of  the  woods.    One  land  bird  only  was  met 
with  in  Campbell  Island. 

§  8.  Australian  Birds. — The  birds  of  Australia  are  in  many 
respects  as  peculiar  as  the  quadrupeds  and  plants  of  that  continent ; 
a  White  Falcon  is  among  its  birds  of  prey,  a  Black  Stvan  among  its 
water  fowl,  and  nearly  80  genera  of  other  birds  are  entirely  Aus- 
tralian. The  Passeres  are  so  peculiar  that  they  have  furnished 
many  new  genera.  The  Boiver  Bird  (so  called  from  tlie  habit  the 
male  bird  has  of  building  bowers  for  playing  places),  the  Regent 
Oriole,  or  Sericulus,  of  splendid  black  and  yellow  plumage,  and  a 
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great  proportion  of  the  varied  family  of  Honey-eaters,  are  essenti- 
ally Australian.  Two  species  of  Menunc,  or  Lyre  Bird,  so  called 
from  tlie  resemblance  its  outspread  tail  bears  to  the  form  of  the 
ancient  lyre,  are  the  only  birds  of  the  genus,  and  approach  the 
character  of  the  gallinaceous  family.  Here  are  many  new  forms 
of  Cuckoos,  as  the  Ooucal  and  the  Scythrops.  Of  Wooc^jeckers  there 
are  none.  The  Parrots,  Parakeets,  and  Cockatoos  are  all  character- 
istic, especially  the  black  cockatoo,  which  is  found  in  Australia 
only ;  it  is  not  so  gregarious,  but  even  more  suspicious,  than  the 
white  cockatoos,  which  plant  a  sentinel  to  warn  them  of  danger. 
Pigeons  and  Doves  abound  ;  the  Black  Szvan  and  the  Cereojjsis  goose 
are  no  less  peculiar  among  the  web-footed  tribe.  The  desert  plains 
of  this  great  continent  are  inhabited  by  the  Emu,  a  large  struthious 
bird,  incapable  of  flight,  like  its  cogener  the  Cassowary,  and  once 
veiy  plentiful,  but  now  in  progress  of  being  extirpated  or  driven  by 
the  rapidly  extending  colonists  to  the  unexplored  regions  of  the 
interior. 

Two,  if  not  more,  species  of  the  Apteryx,  birds  of  the  same 
family,  still  linger  in  New  Zealand,  but  are  on  the  verge  of  extinc- 
tion ;  they  probably  owe  their  preservation  to  their  noctiu-nal 
habits.  This  anomalous  genus  partakes  in  its  zoological  characters 
of  several  others  :  the  head  is  something  like  that  of  the  curlew, 
with  a  long,  slender  bill,  fitted  for  digging  into  the  groimd  for 
worms  and  grubs  ;  the  legs  and  feet  resemble  those  of  the  common 
fowl,  with  a  fourth  toe  like  a  spur  behind;  and  the  wings,  if  wings 
they  can  be  called,  are  exceedingly  small.  In  a  specimen  with^a 
body  measiu-ing  19  inches,  the  wings,  stripped  of  the  feathers,  were 
only  an  inch  and  a  half,  ending  in  a  hard  horny  claw  3  inches  long. 
These  comparatively  small  Avings  are  characteristic  of  the  whole 
family ;  the  Ostrich  and  Khea  have  the  largest,  which,  though  un- 
availing in  flight,  materially  aid  their  progress  in  nmning  by  serv- 
ing as  a  kind  of  sail ;  the  wings  of  the  Emu  and  Apteryx  are  only 
instruments  of  defence:  the  whole  tribe  also  defend  themselves 
by  kicking.  No  animals  have  a  more  remarkable  geographical  dis- 
tribution than  this  family,  or  show  more  distinctly  the  decided 
limits  within  which  they  have  originally  been  placed.  These  huo-e 
birds  can  neither  fly  nor  swim,  consequently  they  could  not  have 
passed  through  the  air  or  the  ocean  to  distant  continents  and  islands 
They  form  5  distinct  genera,  to  each  of  which  very  extensive  and 
widely  separated  countries  have  been  allotted:  the  Ostrich  is  spread 
over  Africa,  from  the  Cape  of  Good  Hope  to  the  deserts  of  Arabia- 
2  species  of  the  Rhea  range  over  the  Pampas,  the  plains  of  Pata- 
gonia, and  the  elevated  valleys  of  S.  Bolivia  and  Peru  •  the 
continent  of  Australia  is  the  abode  of  the  Emu ;  the  Cassowaries 
rove  over  some  of  the  large  islands  of  the  Melanesian  Archipelao-o  - 
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and  the  Aj)te7yx,  as  stated  above,  dwells  exclusively  in  New  Zea- 
land. The  Dodo,  a  very  large,  short-winged  bird,  extirpated  within 
the  memory  of  man,  inhabited  the  Island  of  Mauritius.  Recent 
examinations  of  its  skeleton  have  led  some  naturalists  to  think  it 
akin  to  the  Trerons,  or  fruit  eating  pigeons.  The  Solitaire,  another 
species,  also  allied  to  the  pigeons,  lived  on  the  Island  of  Rodriguez, 
one  of  the  Mascarene  group,  at  no  remote  period ;  the  Isle  of 
Bom-bon  was  inhabited  by  two  other  species,  all  of  which  have 
become  extinct:  and  in  the  Island  of  Madagascar  a  bird,  exceedino-. 
in  size  all  now  living,  appears  to  have  existed  at  a  very  recent 
period,  shells  of  its  eggs,  of  ten  times  the  capacitj'  of  those  of  the 
living  ostrich,  having  been  of  late  years  discovered  in  what  appears 
to  be  a  very  modern  alluvial  deposit.  This  bii'd,  to  which  the  name 
of  EiTifomis  has  been  given,  was  one  of  the  giants  of  the  feathered 
race,  living  or  extinct. 

The  remains  of  a  very  numerous  group  of  extinct  struthious 
birds  have  been  discovered  imbedded  in  the  very  recent  deposits  of 
New  Zealand.  One  of  its  genera,  the  Dinornis,  chiefly  found  in  the 
N.  island,  consists  of  several  species  :  the  largest,  the  D.  giganteus, 
attained  a  height  of  11  ft.,  or  double  that  of  the  taUest  ostrich , 
another,  the  Pcilnpteryx,  almost  peculiar  to  the  Middle  Island,  was 
upwards  of  9  ft.  in  height.  From  the  geological  position  in  which 
these  bones  are  found,  as  well  as  from  their  state  of  preservation, 
they  can  scarcely  be  considered  as  fossil,  although  belonging  to 
species  which  have  become  extinct.  Professor  Owen  has  described 
no  less  than  6  species  of  Dinornis,  and  4  of  Palapteryx  ;  and  later 
discoveries  in  the  colony  have  added  several  to  these  numbers.  No 
better  example  can  be  cited,  as  elucidating  the  certainty  of  the 
deductions  of  the  comparative  anatomist,  than  what  led  to  the  firet 
discovery  of  this  extraordinary  gTOup  of  birds.  A  small  portion  of 
a  bone,  which  from  its  dimensions  appeared  to  belong  rather  to  a 
quadruped  the  size  of  an  ox  than  to  a  bird,  was  submitted  to  INIr. 
Owen  ;  he  boldly  pronounced  it,  from  its  structm*e,  to  belong  to  a 
hird,  and  of  the  ostrich  kind — a  determination  that  was  soon 
abmidantly  confirmed  by  the  discovery,  not  only  of  the  bones  of 
the  bird,  but  of  its  eggs. 

The  bones  of  another  extinct  bird,  perhaps  a  Nestor,  have  been 
foimd  mixed  with  those  of  the  Dinornis.  There  are  3  species  of  the 
Nestor  •  2  in  New  Zealand ;  another,  almost  extinct,  in  Philip 
Island  only  5  m.  in  extent,  is  found  in  no  other  part  of  the  world. 
They  are  allied  to  the  curious  living  genus  Strif/ops,  something 
hetween  an  owl  and  a  parrot,  but  more  nearly  allied  to  the  latter, 
and  are  very  remarkable  for  their  nocturnal  habits  and  for  living  in 
burrows,  which  they  make  at  the  roots  of  the  fern  trees.  The 
Notornis,  a  genus  supposed  to  have  been  extinct,  closely  allied  to 
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the  water  hen,  the  size  of  a  bustard,  has  also  its  ancient  representa- 
tive in  these  islauds,^  where  birds  did  and  do  exist,  almost  to  the 
entire  exclusion  of  quadrupeds  and  reptiles :  an  extinct  species  of 
dog,  and  a  still  existing  rat,  are  the  only  animals  of  the  class  of 
mammaUa  which  shared  these  extensive  territories  with  multitudes 
of  the  feathered  race.- 

The  ostrich  family  live  on  vegetables ;  the  form  of  those  that 
had  their  home  in  New  Zealand  would  lead  to  the  conclusion  that 
they  had  fed  on  the  roots  of  the  edible  fern  which  abounds  in  that 
country ;  and  as  no  quadruped  excepting  a  rat  is  now  indigenous, 
these  birds  could  have  had  no  enemy  but  man,  the  most  formidable 
of  all. 

The  beautiful  and  sprightly  Tui,  or  parson  bird,  native  in  New 
Zealand,  is  jet  black  with  a  white  tuft  on  its  breast,  and  so  imita- 
tive that  it  can  be  taught  to  repeat  whole  sentences.  There  are 
Parrots  and  Parakeets,Y&&t  numbers  of  Pigeons,  fine  Warblers,  many 
small  birds,  and  a  great  variety  of  Waterfoivl,  amongst  others  a  cor- 
morant, which,  though  web-footed,  perches  on  the  trees  that  over- 
hang the  streams  and  sea,  watching  for  fish ;  and  a  frigate  bird, 
that  pounces  on  them  from  a  great  height  in  the  air.  Altogether 
there  are  about  145  species  of  birds  that  inhabit  this  group  of 
islands,  of  which  67  are  land  birds,  and  88  waders. 


The  Notornis  has  been  found  living  in  the  Middle  Island,  at  Dusky 
Bay.    Its  nearest  affinity  is  with  the  genus  Porphyrio  of  the  Old  World 

2  In  some  parts  of  the  earth  the  same  conditions  which  regulated  the 
distribution  of  the  ancient  fauna  and  flora  still  prevail.  The  flora  of 
the  carboniferous  epoch  reminds  us  of  that  of  New  Zealand,  where  ferns 
and  club  mosses  are  so  abundant ;  and  the  fauna  of  that  ancient  period  had 
been  representative  of  that  which  recently  prevailed  in  these  island.,  since 
footpnnts  of  colossal  birds  have  been  discovered  in  the  red  sandstone  of 
Connecticut. 

The  age  of  reptiles  of  the  Wealden  and  other  secondary  periods  is  renre- 
sentative  of  the  fauna  of  the  Galapagos  Islands,  which  chiefly  consists  of 
tortoK^es  and  creatures  of  the  lizard  or  crocodile  family  ;  and  the  cvca- 
daceous  plants  ami  marsupial  animals  of  the  oolite  are  representative  of  the 
flora  and  fauna  of  Australia, 

The  colossal  birds  which  existed  in  New  Zealand,  almost  to  the  entire 
exclusion  of  reptiles  and  quadrupeds,  lasted  to  a  very  recent  period. 
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CHAPTER  XXXV. 


DISTEIBITTIOIir    OP  MAMMALIA. 


§  1.  Classification  and  General  Distribution  of  the  Mam- 
malia.— The  Mammalia,  exclusive  of  man,  consists  of  10  orders  of 
animals,^  "wMch,  however  differing  in  appearance,  agree  in  the  one 
general  character  of  suckling  their  young.  These  orders  are — the 
Quadrumana  animals  which  can  use  their  fore  and  hind  feet  as 
hands,  as  monkeys  and  apes  ;  Chiroptera,  animals  with  winged 
arms,  as  bats  ;  Carnivm'ci,  that  live  on  animal  food,  as  the  lion, 
tiger,  bear,  &c. ;  Rodentia,  or  gnawers,  as  beavers,  squirrels,  mice ; 
Edentata,  or  toothless  animals,^  as  sloths,  anteaters,  and  armadilloes ; 
Pachydermata,  or  thick  skinned  animals,  as  the  elephant,  the  horse, 
hippopotamus,  and  hog  ;  Ruminantia,  animals  that  chew  the  cud, 
as  camels,  lamas,  giraffes,  cows,  sheep,  deer;  Marmpialia^  pos- 
sessing a  pouch  into  which  the  young,  born  in  a  less  perfect  state 
than  in  the  other  families,  is  received  after  birth ;  Monotremata, 
mammals  of  low  organisation  allied  to  marsupials ;  and  Cetacea, 
inhabiting  the  waters,  as  dolphins,  cachalots,  whales,  mauati,  &c. 

The  animal  creation,  like  the  vegetable,  varies  with  height  above 
the  sea,  and  latitude  ;  the  changes  of  species  in  ascending  the 
Himalayas,  for  instance,  are  similar  to  what  a  traveller  would  meet 
with  in  his  journey  from  an  equatorial  to  a  high  latitude.  The 
number  of  land  mammals  increases  from  the  frigid  zones  to  the 
equator,  but  the  law  is  reversed  with  regard  to  the  marine  mam- 
malia, which  abound  most  in  high  latitudes. 

Taking  a  broad  view  of  the  distribution  of  the  10  orders  of 


1  The  following  more  modem  classifications  of  the  Mammalia  are  taken 
from  Mr.  Wallace's  work  on  the  '  Geographical  Distribution  of  Animals : ' 


Huxley  (1869),  Flower  (1870; 


Carus  (1868) 


f  1.  Primates. 


2.  Chiroptera. 

3.  Insectivora. 

4.  Carnivora. 

5.  Cetacea. ) 


2.  Chiroptera. 

3.  Insectivora. 


Monodelphia  -J  G.  Sirenia.  ' 


Didelphia    12.  Marsupialio 
Ornithodelphia    13.  Monotremata. 


10.  Rodentia, 
^11.  Edentata. 


7.  Ungulata. 

8.  Proboscidea. 

9.  Hyraocoidea. 


12.  Natantia. 

( 10.  Artiodactyla. 
( 11.  Perissodactyla. 
-  9.  Proboscidea. 

8.  Lamnungia. 

4.  Rodentia. 

13.  Bruta. 

14.  Marsupialia. 

15.  Monotremata. 


2  Or,  more  properly,  wanting  certain  teeth,  as  the  canines  or  incisors. 
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mammalia,  it  may  be  stated  that  the  tropical  forests  are  tlie  chief 
abode  of  the  Monkey  tribe.  Asia  is  the  home  of  the  ape,  espe- 
ciaUy  the  islands  of  the  Indian  Archipelago,  as  far  as  the  most 
easterly  meridian  of  Timor,  beyond  which  there  are  none :  they 
abound  throughout  Africa  from  the  Oape  of  Good  Hope  to  Gibraltar, 
where  the  Barbary  ape  is  found,  the  only  place  where  it  is  met  with 
m  Eiu-ope  :  another  species  of  ape  inhabits  the  island  of  Niphou 
the  N.  limit  of  monkeys  at  the  E,  extremity  of  the  old  continent  • 
Madagascar  IS  the  chief  home  of  the  Lemurs,  which  are  monkeys  of 
lower  organisation.  No  Quadrumana  are  foimd  in  Australia,  New 
Zealand,  New  Guinea,  and  neighbouring  islands  E.  of  Celebes 
Oceania,  N.  Asia,  or  extratropical  America.  ' 

The  Bats  that  live  on  fruits,  forming  a  distinct  section  of  the 
order,  are  met  with  m  tropical  and  warm  climates  of  the  Old  World 
especiaUy  in  the  Indian  Archipelago  ;  the  common  bats  which 
live  on  insects,  and  jire  so  numerous  in  species  as  to  form  the 
pnncipal  portion  of  the  whole  famUy,  are  found  everywhere  except 
in  arctic  America;  they  are  the  only  indigenous  mammals  found 
m_  remote  islands,  such  as  New  Zealand.  The  vampire  is  only  met 
with  m  tropical  America. 

Carnivorous  Mammalia  are  distributed  all  over  the  globe,  though 
Yery  uneqimlly:  m  Australia  there  are  no  true  Oarnivora ;  while  in 
the  tropical  regions  of  America  there  are  about  120,  in  Africa  150, 
and  in  Asia  180  species;  and  so  rapid  is  their  increase  towards 
the  ti-opica  regions,  that  there  are  nearly  three  tmies  as  many  in 
the  tropical  as  m  the  temperate  zones. 

With  regard  to  the  Gnaioe,'s  or  Rodentia,  species  of  the  same 
group  frequently  have  a  wide  range  in  the  same,  or  nearly  the 
same,  parallels  of  latitude,  but  when  they  are  inhabitants  of  hiS 
mountam  ridges  they  follow  the  direction  of  the  chain,  whatever 
that  may  be,  and  groups  confined  to  high  latitudes  often  apneS 
agam  at  great  elevations  in  lower  ones.  The  Edentata  are  more 
particularly  characteristic  of  South  America,  where  there  are  thr  e 
times  as  many  species  as  there  are  elsewhere.  The  PachycleZZ 
are  very  abimdant  in  the  old  continent ;  they  have  befn  n  ro 
duced  into  North  America  by  man  ;  in  the  &^Vt  of  Z  coX 

ot  peccary.    The  Rummantia  abound  all  over  the  temperate  and 
tropical  countries  of  both  continents,  and  three  specie7a  e  found 
1  ^7'"^  Circle-there  are  neither  EuminaTia 

It  nnd  N  ^  p""'"  ^"rsupialia  are  coiZed  to 

it  and  New  Guinea,  with  a  few  species  in  the  two  Americas  Th« 
Monotremata,a  .singvl^v  class  of  quadrupeds  possesZ^  n 'nnv 
the  attributes  of  birds  with  those  of  the  mLsupk  L  b  Lrpv^i 
sively  to  Australia  and  Tasmania.  ^  ' 

H  H  2 
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The  distribution  of  mammalia  is  governed  by  laws  analogous 
to  tbose  which  regulate  that  of  plants,  insects,  fishes,  and  birds. 
Each  continent,  and  even  different  parts  of  the  same  continent,  are 
centres  of  zoological  families,  and  the  exclusive  home  of  many  dis- 
tinct species  and  genera. 

Food,  security,  and  temperature  have  little  influence  as  primary 
causes  in  the  distribution  of  animals.  The  plains  of  America  are 
not  less  fit  for  rearing  oxen  than  the  meadows  of  Europe  ;  yet  the 
common  ox  was  not  found  in  that  continent  at  the  time  of  its  dis- 
covery ;  and  with  regard  to  temperature  this  animal  thrives  on  the 
Llanos  of  Venezuela  and  the  Pampas  of  Buenos  Ayres  as  well  as 
on  the  steppes  of  Europe.  The  horse  is  another  example :  origin- 
ally a  native  of  the  deserts  of  Tartary,  he  now  roams  wild  in  herds 
of  hundreds  of  thousands  on  the  grassy  plains  of  America,  though 
unknown  in  that  continent  at  the  time  of  the  Spanish  conquest.^ 
All  animals,  however,  are  not  so  flexible  in  their  constitutions,  for 
most  of  them  would  perish  from  change  of  climate.  The  stations 
which  the  diiFerent  genera  and  species  now  inhabit  must  have  been 
occupied  by  them  as  each  part  of  the  land  rose  above  the  ocean, 
the  occupation  depending  on  the  propinquity  of  the  stations  they 
previously  inhabited,  and  the  absence  of  natural  barriers;  and 
because  they  have  found  in  these  stations  all  that  was  necessary 
for  their  existence  many  have  never  wandered  from  them,  not- 
withstanding their  powers  of  locomotion;  while  others  have 
migrated,  but  only  within  certain  bomids. 

instinct  leads  animals  to  migrate  when  they  become  too  nume- 
rous-: the  rat  in  Kamtschatka,  according  to  Pennant,  sets  out  in 
spring  in  great  multitudes,  and  travels  800  m.,  swimming  over 
rivers  and  lakes  ;  and  the  Lapland  marmot  or  lemming,  a  native 
in  the  Kiolen  Mountains,  migrates  in  great  numbers,  once  or 
twice  in  25  years,  to  the  VV.  Ocean,  which  they  enter  and  are 
drowned ;  other  bands  go  through  Swedish  Lapland,  and  perish  in 
the  Gulf  of  Bothnia.  Thus  nature  provides  a  remedy  against  the 
over  increase  of  any  one  species,  and  maintains  the  balance  of  the 
whole  creation.  A  temporary  migration  for  food  is  not  uncommon 
in  animals.  The  wild  ass,  or  Onagra,  a  native  of  the  deserts  of 
Great  Tartary,  in  summer  lives  to  the  E.  and  N.  of  the  Lake  of 
Aral  and  in  autumn  migrates  in  great  numbers  to  Persia,  and 
even'to  the  high  plains  of  N.W.  Lidia.^    The  ruminating  animals 


1  There  exist,  however,  remains  of  many  fossil  species  of  horse  in  several 
parts  of  South  and  North  America,  contemporaneous  Mdth  the  mastodons 
and  extinct  gigantic  Edentata  of  that  continent.  .  ' 

2  The  wild  ass  is  frequent  in  the  plams  of  bmdh  and  Baluchistan,  where 
it  is  known  by  the  name  of  Gorkhar.   There  is  some  doubt  as  to  its  bemg 
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that  dwell  in  the  inaccessible  parts  of  the  Himalayas  _  and  the 
Andes  descend  to  their  lower  declivities  in  search  of  food  in 
winter ;  and  for  the  same  reason  the  reindeer  and  musk  ox  leave 
the  Arctic  snows  for  a  more  S.  latitude. 

The  Aj-ctic  regions  form  a  district  common  to  Europe,  Asia, 
and  America.  On  this  account  the  animals  inhabiting  the  N. 
parts"  of  these  continents  helong  to  the  same  species,  or  to  forms 
very  similar ;  in  fact  there  is  no  genus  of  quadrupeds  in  the  Arctic 
regions  that  is  not  found  in  the  two  great  continents.  In  the  tem- 
perate zones  of  Europe  and  Asia,  which  form  an  iminterrupted 
region,  identity  of  species  is  occasionally  met  with,  hut  for  the 
most  part  marked  hy  such  varieties  in  size  and  colour  as  might  he 
expected  to  arise  from  difference  of  food  and  climate:  The  same 
genera  are  sometimes  found  in  the  intertropical  parts  of  Asia, 
Africa,  and  America,  hut  the  same  species  very  rarely,  if  ever ; 
much  less  in  the  S.  temperate  zones  of  these  continents,  where 
nearly  all  the  animals  are  different,  whether  birds,  beasts,  insects, 
or  reptiles  ;  hut  in  similar  climates  tribes  of  forms  in  many  respects 
analogous  replace  one  another. 

Europe  has  no  family  and  no  order  peculiarly  its  own,  and 
many  of  its  species  are  common  to  other  countries ;  consequently 
the  great  zoological  districts,^  when  the  subject  is  viewed  on  a 
broad  scale,  are  N.  Europe  and  Siberia,  S.  Asia,  Africa,  North 
and  South  America  and  Australia;  bat  in  each  of  these  there 
are  smaller  districts,  to  which  particular  genera  and  families  are 
confined.    Yet  when  regions  of  similar  climate  and'  vegetation 


the  same  species  as  the  Kiang  of  the  mountainous  regions  of  the  Himalayas 
and  Tibet,  where  the  latter  has  been  seen  as  high  as  18,600  ft.  above  the 
level  of  the  sea. 

1  The  zoological  regions  adopted  by  Mr.  Wallace  in  his  book  on  the 
'  Geographical  Distribution  of  Animals '  are  as  follows : 


Begions 

Sub-regions 

I.  PALiEARCTIC  . 

II.  Ethiopian   .  . 

III.  Oriental.   .  . 

IV.  Australian  .  . 

V.  Neotropical  . 
VI.  Nearctic  .   .  . 

1.  North  Europe.  2.  Mediterranean.  3.  Siberia. 

4.  Manchuria  or  Japan. 
1.  East  Africa.    2.  West  Africa.    3.  South 

Africa.    4.  Madagascar. 
1.  Hindustan.     2.  (Jeylon.     3.  Indo-China. 

4.  Indo-Malaya. 
1.  Austro-Malaya.    2.  Australia.   3.  Polynesia. 

4.  New  Zealand. 
1.  Chili.    2.  Brazil.    3.  Mexico.  _  4.  Antilles. 
1.  California.    2.  Rocky  Mountains.    3.  AUe- 
ghanies.    4.  Canada. 
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are  not  separated  by  lofty  mountain  chains,  or  other  great  barriers, 
the  faunas  are  in  most  cases  blended  together  on  the  confines 
between  the  two  districts,  so  that  there  is  not  a  sudden  change 

§  2.  European  Quadrupeds.-The  character  of  the  animals 
o_t  temperate  Europe  has  been  more  changed  by  the  progress  of 
civilisation  than  that  of  any  other  quarter  of  the  globe.  Many  of 
Its  original  inhabitants  have  been  extirpated,  and  new  races  intro- 
duced; but  It  seems  always  to  have  possessed  various  animals 
capab  e  of  being  domesticated.  The  Wild  cattle  in  the  parks  at 
Hamilton  and  OhiUingham  are  the  only  remnants  of  the  ancient 
inhabitants  of  the  British  forests,  though  they  were  spread  over 
iiurope,  and  perhaps  were  the  parent  stock  from  which  the  Euro- 
pean cattle  of  the  present  time  are  descended  ;  the  AurocM  (Urus), 
an_  animal  ueariy  extinct,  and  found  only  in  the  forests  of  Lithu- 
ama  represents  the  Bison  of  North  America,  and  is  untameable. 
Both  are  supposed  to  have  come  orio-inaUv  from  Asia.  The  Mou- 
fmi  which  exists  in  Corsica  and  Sardinia,  is  by  some  supposed  to 
be  the  parent  stock  of  our  domestic  sheep.  The  Hotj,  the  Goat,  the 
Red  and  Falloio  Deer  have  been  domesticated,  and  also  the  Reindeer, 
which  cannot  strictly  be  called  European,  since  it  also  inhabits  the 
JN .  regions  of  Asia  and  America.  Our  domestic  cat  is  a  European 
species^  m  its  wild  state.  Altogether  8  or  10  species  of  our 
domestic  quadrupeds  have  sprung  from  native  animals. 

_  A  remarkable  miiformity  prevails  in  the  organisation  and  in- 
stincts of  each  species  of  animal  in  its  wild  state.  Many  adapt 
themselves  to  change  of  climate ;  after  some  generations  their 
habits  and  organisation  alter  to  suit  the  new  condition  in  which 
they  are  placed  ;  bnt  domestication  is  the  cause  of  all  om-  tame  and 
useful  animals;  by  high  cultivation  and  training  great  changes 
have  been  produced  in  form ;  and  in  some  instances  habits  and 
powers  of  perception  are  produced,  approaching  to  reason,  which 
remain  hereditary  as  long  as  the  breed  is  unchanged. 

There  are  still  about  180  wild  quadrupeds  in  Europe :  45  of 
these  are  also  found  in  W.  Asia,  and  9  are  common  to  N.  Africa. 
The  most  remarkable  are  the  Reindeer,  Elk,  Red  and  Fallow  Deer, 
the  Roebuck,  Glutton,  Lynx,  Polecat,  some  species  of  Wild  Cats, 
the  Common  and  Black  Squirrels,  the  Fox;  Wild  Boar,  Wolf,  the 
Blach  and  the  Broion  Bear,  several  species  of  Weasels  and  Rodents. 
The  Otter  is  common,  but  the  Beaver  is  now  met  with  only  on  the 
Rhine,  the  Ehone,  the  Danube,  and  some  other  large  rivers ; 
Rabbits  and  Hares  are  numerous  ;  the  Hedyehog  is  very  generally 
distributed  ;  the  Porcupine  in  S.  Europe  only ;  the  Chamois  and  the 
Ibex;  or  Bouquetin,  in  the  Alps  and  PjiTenees.  Many  species  of 
these  animals  are  widely  distributed  over  Europe,  generally  with 
variations  in  size  and  colour.    The  chamois  of  the  Alps  and 
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Pp-enees,  though  of  the  same  species,  is  slightly  changed  in  ap- 
pearance ;  the  fox  of  the  most  N.  parts  of  Ilurope  is  larger  than 
that  of  Italy  and  of  the  S.,  with  a  thicker  fur,  and  of  somewhat 
different  colour,  depending  on  climate. 

Some  animals  never  descend  below  a  certain  lieight,  as  the  ibex 
and  chamois,  which  live  at  greater  elevations  tban  any  of  our 
Eiu-opean  quadrupeds,  being  usually  found  between  the  region  of 
trees  and  the  line  of  perpetual  snow,  which  is  about  8900  ft.  on 
the  S.,  and  8200  on  the  N.  declivities  of  the  Alps.  The  red  deer 
does  not  ascend  beyond  7000  ft.,  and  the  faUow  deer  not  higher 
than  6000,  above  the  level  of  the  sea:  the  two  latter,  however, 
descend  to  the  plains,  the  former  never  do.  The  bear,  the  lynx, 
and  the  stoat  are  sometimes  met  with  nearly  at  the  limit  of  per- 
petual snow. 

Some  European  animals  are  much  circumscribed  in  their  locali- 
ties. The  Mouflon  is  confined  to  Corsica  and  Sardinia  ;  a  species 
of  Weasel  and  Bat  inhabit  Sardinia  only ;  and  Sicily  has  several 
bats  and  mice  peculiar  to  it.  There  is  only  one  species  of  Monkey 
in  Europe,  which  lives  on  the  rock  of  Giljraltar,  and  is  supposed 
to  have  been  introduced  from  Africa.  All  the  indigenous  British 
q,uadrupeds  now  existing,  together  with  extinct  hyaena,  tiger,  bear, 
and  wolf,  whose  bones  have  been  found  in  caverns,  are  also  found 
in  the  same  state  in  Germany.  Ireland  was  probably  separated  by 
St.  George's  Channel  from  England  before  all  the  animals  had  mi- 
grated to  the  latter  ;  so  that  oiu'  squirrel,  mole,  polecat,  dormouse, 
and  several  smaller  quadrupeds,  never  reached  the  sister  island. 
Professor  Owen  has  shown  that  the  British  horse,  ass,  hog,  the 
smaller  wild  ox,  the  goat,  roe,  red  deer,  beaver,  vsdth  many  small 
rodents,  are  the  same  species  with  those  which  had  coexisted 
with  the  mammoth  or  fossil  elephant,  the  great  N.  hippopotamus, 
and  two  kinds  of  rhinoceros  long  extinct ;  so  that  a  part  only  of 
the  modern  tertiary  fauna  has  perished,  from  whence  he  infers  that 
the  cause  of  their  destruction  was  not  a  violent  imiversal  cata- 
strophe from  which  none  could  have  escaped.  The  Bos  longifrons 
and  the  gigantic  Elk  of  the  Irish  bogs^  now  an  extinct  species,  and 
also,  according  to  the  evidence  of  flint  weapons  in  drift  deposits, 
the  Mammoth,  hairy  Rhinoceros,  and  other  large  animals,  "were 
probably  coexistent  with  man. 

The  severity  of  the  climate  in  Siberia  renders  the  skins  of  its 
numerous  fur  bearing  animals  more  valuable.  These  are  reindeer, 
elks,  loolves,  the  large  white  hear  that  lives  among  the  ice  on  its 
Arctic  shores,  several  other  bears,  the  lynx,  various  Irinds  of 
martens  and  cats,  the  common,  the  blue,  and  the  black  fox, 
the  ermine,  and  sable  producing  ])olecats  and  weasels.  The  fur  of 
these  last  is  much  esteemed,  and  is  only  ec[ualled  by  that  of  thw 
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Many  species  of  G^n^w^e^-s  are  confined  to  Siberia.  The  most 
remarkable  of  these  :s  the  Flying  Squirrel,  or  Jerhoa,  which  burrow 
in  sandy  deserts.  The  Altai  Mountains  teem  with  wild  animaJI: 
besides  many  of  those  already  mentioned,  we  also  find  here  several 
large  Deer  Bears,  some  peculiar  Weasels,  the  Argali,  and  the  Wild 
sheep.  The  ol  the  Alps  is  found  in  the  Sayansk  part  of  the 
Cham  ;  the  Glutton  ^u^  Musk  Deer  in  the  Baikal ;  and  in  Dauria 

^  r  f  i         """"^  The  Bengal  Tiger  and  the 

iehs  Irhis,  a  species  of  panther,  wander  from  the  Celestial  Moun- 
tains to  the  Altai  and  into  S.  Siberia :  the  Tiger  is  met  with  even 
as  far  N.  as  the  banlrs  of  the  Ob,  and  also  in  China,  but  in  these 
r  ^«"«iderably,   although  not  specifically, 

from  that  of  Bengal;  thus  it  can  exist  in  an  annual  tempemtnre 
varying  from  81°  Fahi-.  to  the  freezing  point.  The  animals  of 
J  apan  have  a  strong  analogy  with  those  of  Europe :  many  are 
identical,  or  slightly  varied,  as  the  badger,  otter,  mole,  common 
fox,  marten,  and  squirrel.  On  the  other  hand,  a  large  species  of 
bear  in  the  island  of  Yesso  resembles  the  grizzly  bear  in  the  Rocky 
Mountains  of  North  America.  A  chamois  in  other  parts  of  Japan 
18  nearly  allied  to  the  Antilo2}e  Montana  of  the  same  mountains'- 
and  other  animals  natives  of  Japan  are  the  same  with  those  in 
Sumatra ;  so  that  its  fauna  is  a  combination  of  those  of  very  dis- 
tant regions. 

§  3.  Asiatic  Quadrupeds.— Asia  has  a  greater  number  and  ^ 
greater  variety  of  wild  animals  than  any  country  except  America, 
and  also  a  larger  proportion  of  those  that  are  domesticated.  Though 
civilised  from  the  earliest  ages,  the  destruction  of  the  animal  crea- 
tion has  not  been  so  great  as  in  Europe,  owing  to  the  inaccessible 
height  of  the  mountains,  the  extent  of  the  plains  and '  deserts,  and, 
not  least,  to  the  impenetrable  forests  and  jungles,  which  afibrd 
them  a  safe  retreat. 

Asia  Minor  is  a  district  of  transition  from  the  fauna  of  Europe 
to  that  of  Asia.  There  the  Cliamois,  Ibex,  Brown  Bear,  Wolf,  Ox, 
Hare,  and  others,  are  mingled  with  the  Htjcma,  Angora  G^off^,  which 
beara.a  valuable  fleece,  the  Argali  ox  wild  sheep,  the  White  Squirrel; 
and  even  the  Bengal  Royal  Tiger  is  sometimes  seen  on  Mount 
Ararat,  and  is  not  uncommon  in  Adarbaijan  and  the  mountains  of 
Persia. 

Arabia  is  inhabited  by  the  Ilycena,  Panther,  Jackal,  and  Wolf. 
Antelopes  and  Monkeys  are  found  in  Yeman.  Most  of  these  are 
also  indigenous  in  Persia.  The  Wild  Ass,  or  Ouagra,  the  Qorkhar 
of  N.W.  India,  a  handsome  spirited  animal  of  great  speed,  and  so 
shy  that  it  is  scarcely  possible  to  approach  it,  wanders  in  herds 
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over  the  plains  and  table-lands  of  Central  Asia,  extending  its 
migrations  as  far  as  the  plains  of  Baluchistan  and  Sindh,  to  the 
Indian  desert,  and  to  the  Kunn  of  Kutch— '  the  wilderness  and  the 
barren  lands  are  his  dwelling.'  There  is  a  distinct  species  (the 
Xiang)  that  lives  in  the  most  elevated  regions  of  Tartary  and 
Tibet ;  it  has  been  seen  on  the  shores  of  the  sacred  lakes  of  Mau- 
sarowar  and  Eakas  Tal,  at  a  height  of  more  than  15,250  ft.  above 
the  sea,  and  on  one  occasion  as  high  as  18,600, 

A  few  animals  are  peculiar  to  the  high  cold  plains  of  the 
table-land  of  E.  Asia:  the  Dzigc/etai,  a  very  fleet  animal,  is 
peculiar  to  these  Tartarian  steppes.  Two  species  of  Antelopes 
inhabit  the  plains  of  Tibet,  congregating  in  immense  herds,  with 
sentinels  so  vigilant  that  it  is  scarcely  possible  to  approach  them. 

The  Bzercin,  or  j  ellow  goat,  which  is  both  swift  and  shy,  and 
the  handsome  Tartar- Ox,  are  natives  of  these  wilds  ;  also  the  Shawl- 
wool^  Goat  and  the  Manul,  from  which  the  Angora  cat,  so  much 
admired  in  Persia  and  Europe,  is  descended.  Many  of  the  animals 
that  live  at  such  heights  cannot  exist  in  less  elevated  and  warmer 
regions,  exhibiting  an  instance  of  the  limited  distribution  of  species. 
Goats  and  sheep  endure  best  the  rarefied  air  and  great  cold  of 
high  lands ;  the  Cashmere  goat  and  Argali  sheep  browse  on  the 
plains  of  Tibet  at  elevations  of  from  10,000  to  13,000  ft. ;  the  Rass, 
a  sheep  with  spiral  horns,  lives  on  the  table-lands  of  Pamir,  which 
are  15,000  ft.  above  the  sea  ;  and  also  the  Kidch-gar,  a  species  of 
sheep  which  is  about  the  height  of  a  year-old  colt,  with  fine  curling 
horns :  they  congregate  in  flocks  of  many  hundreds,  and  are  hunted 
by  the  nomade  tribes  of  Ejrghis. 

The  Ruminating  Animals  of  Asia  are  more  numerous  than  those 
of  any  other  part  of  the  world :  64  species  are  native,  and  46  of 
these  exist  there  only.  There  are  several  species  of  Wild  Oxen ;  one 
in  the  Birmese  empire,  and  on  the  mountains  of  N.E.  India,  with 
spu-al  twisted  horns.  The  Buffalo  is  a  native  of  China,  India,  Bor- 
neo, and  the  Sunda  Islands ;  it  is  a  large  animal,  foi-midable  in  a 
wild  state,  but  domesticated  throughout  the  East.  It  was  intro- 
duced into  Italy  in  the  sixth  century,  and  large  herds  ntrw  graze  in 
the  low  marshy  plains  near  the  sea. 

_  Various  kinds  of  oxen  have  been  domesticated  in  India  from 
time  immemorial ;  the  Zehu  or  India  Ox,  with  a  hump  on  the 
shoulders,  has  been  venerated  by  the  Brahmins  for  ages.  The 
FffA;,  a  beautiful  animal,  which  is  chiefly  employed  as  a  beast  of 
burthen  by  the  Tibetans,  has  long  been  domesticated,  and  ean  live 
on  the  passes  of  the  Himalayas  as  high  as  19,300  ft.  Its  white 
silky  tail,  used  in  the  East  to  drive  away  flies,  has  been  adopted  ' 
as  the  Turkish  standard ;  and  the  common  Indian  ox  differs  i^om 
all  others  m  the  great  speed  of  its  course.    Some  other  species  of 
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cattle  have  been  tamed,  and  some  are  still  wild  in  India,  Java,  and 
other  Asiatic  islands.  The  Cmhmere  Goat,  which  produces  the 
shawl  wool,  is  the  most  valuable  of  the  several  varieties  of  goats 
and  sheep  of  Asia  ;  it  is  kept  in  large  herds  in  the  great  valleys  on 
the  N.  and  S.  declivities  of  the  Himalayas,  and  in  the  upper  regions 
of  Bliutan,  where  the  cold  climate  is  congenial  to  it. 

The  Bactrian  Camel,  with  two  humps,  is  strong,  rough,  and 
hairy,  and  is  said  to  be  found  in  a  wild  state  in  N.W.  Tsai- 
dam  :  1  it  is  the  camel  of  Central  Asia,  N.  of  the  Himalayas  and 
the  Taurus  Mountains,  also  of  the  Crimea  and  the  countries  round 
the  Caucasus.  The  more  common  of  Arabian  species,  the  Drome- 
dary, with  one  hump,  is  a  native  of  Asia,  though  only  known  now 
in  a  domesticated  state :  it  has  been  introduced  into  Africa,  Italy, 
the  Canary  Islands,  and  even  into  the  elevated  regions  of  the 
Peru-Bolivian  Andes.  The  best  come  from  the  province  of  Nejd 
in  Arabia,  which  on  that  account  is  called  the  '  mother  of  camels.' 
The  camel  of  Oman  is  remarkable  for  beauty  and  swiftness. 

Ten  speciris  of  Antelopes  and  20  of  deer  are  peculiar  to  Asia : 
2  species  of  antelopes  have  already  been  mentioned  as  peculiar  to 
the  table-lands,  the  others  are  distributed  over  the  islands  of  the 
Asiatic  archipelago.  The  Mush  Deer  {Moschus  moschiferus)  in- 
habits the  momitainous  countries  of  Central  and  S.E.  Asia, 
between  China  and  Tartary,  the  regions  round  Lake  Baikal,  the 
Altai  Mountains,  Nepal,  Bhutan,  Tibet,  and  the  adjacent  country 
of  China. 

Asia  possesses  about  10  species  of  Pachyclermata  including  the 
Elephant,  Horse,  Ass,  which  have  been  domesticated  from  the  time 
of  the  earliest  historical  records.  The  horse  is  still  said  to  exist 
in  a  wild  state  in  the  plains  of  Central  Asia,^  as  the  dromedary  in 
Arabia,  though  now  they  are  only  known  as  domestic  animals. 
The  Arabian  and  Persian  horses  possess  acknowledged  excellence 
and  beauty,  and  from  these  our  best  European  breeds  are  descended  ; 
the  African  horse,  which  was  introduced  into  Spain  by  the  Moors, 
is  probably  of  the  same  race. 

The  Elephant  has  long  been  a  domestic  animal  in  Asia,  though  it 
still  roams  wild  in  formidable  herds  through  the  forests  and  jungles 
at  the  foot  of  the  Himalayas,  in  other  parts  of  India,  the  Indo- 
Chinese  peninsula,  and  the  islands  of  Simiatra  and  Ceylon ;  the 
hunting  elephiint  is  esteemed,  the  most  noble.  A  one  horned 
RhiTioceros  is  a  native  of  continental  Asia. 

There  are  several  genera  of  Asiatic  Carnivorous  Animals,  of 
which  the  Royal  Tiger  is  the  most  beautiful  and  formidable  ;  its 

»  See  Prejevalsky's  '  Mougolia,'  pp.  xxvi.  seqq.  and  vol.  ii.  pp.  169  seqq. 
2  luid,  vol,  ii.  p.  1G9. 
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favourite  habitation  is  in  tlie  jungles  of  Hindustan,  thougla  it 
wanders  nearly  to  the  limit  of  jDerpetual  snow  in  the  Himalayas,  to 
the  Persian  and  Armenian  mountains,  to  Siberia  and  China. 
Leopards  and  Pantheis  are  common,  and  there  is  a  maueless  variety 
of  the  Lion  in  Gujerat;  the  Cheetah,  used  in  hunting,  is  the  only  one 
of  the  leopards  capable  of  being  tamed.  The  Hycena  is  found  every- 
where, excepting  in  the  Birmese  empire,  in  which  there  are  neither 
wolves,  hyeenas,  foxes,  nor  jackals.  There  are  4  species  of  Bears  in 
India ;  that  of  Nepal  is  said  to  furnish  a  valuable  fur  :  the  Wild  Boar, 
Hog,  and  dogs  of  endless  variety,  abound  all  over  the  continent. 

The  Edentata  have  only  two  representatives  in  India,  which 
difter  from  all  others  except  the  African  in  being  covered  with  im- 
bricated scales.  Of  these  the  short  tailed  Pangolin,  or  scaly  ant- 
eater,  is  found  throughout  the  Deccan,  Bengal,  Nepal,  the  S.  pro- 
vinces of  China,  and  in  the  Island  of  Formosa. 

The  Indian  Archipelago  and  the  Indo-Chinese  peninsula  form  a 
zoological  sub-province,  having  several  animals  exclusively  its  own. 
The  Boyal  Tiger  abounds  in  the  peninsula  of  Malacca,  and  also  the 
black  variety  of  the  Panther,  Leopard,  Wild  Cats,  multitudes  of 
Elephan  ts,  the  Bhinoceros  of  the  3  Asiatic  species,  the  Malayan  Tajnr, 
numerous  species  of  Deer,  the  Bahiroussa  Hog,  and  another  species 
of  that  genus.  Some  groups  of  the  islands  have  several  animals  in 
common,  either  identical  or  with  slight  variations,  that  are  alto- 
gether wanting  in  other  islands,  which,  in  their  tmn,  have  creatures 
of  their  own.  Many  species  are  common  to  the  archipelago  and 
the  neighbouring  parts  of  the  continent,  or  even  to  China,  Bengal, 
Hindustan,  and  Ceylon.  Flying  Quadrujjeds  are  a  distinguishing 
featui-e  of  this  archipelago,  though  some  do  not  absolutely  fly,  hiit 
by  an  extension  of  the  skin  of  their  sides  to  their  legs,  which  serves 
as  a  parachute,  are  enabled  to  take  long  leaps  and  to  support  them- 
selves in  the  aii\  Nocturnal Jlying  squirrels,  of  several  species,  are 
common  to  the  Malayan  peninsula  and  the  Sunda  Islands,  especi- 
ally Java  ;  and  3  species  of  flying  Lemurs  inhabit  Sunda,  Malacca, 
and  the  Pelew  Islands.  Besides  these,  there  are  the  frugivorous 
bats,  which  really  do  fly,  diS"ering  from  bats  in  other  countries  by 
Imng  exclusively  upon  vegetable  food.  The  Roussette,  or  Kalong, 
which  is  used  as  an  ai-ticle  of  food,  one  of  the  largest  known, 
appears  in  flocks  of  hundreds,  and  even  thousands,  in  Java, 
Sumatra,  and  Banda  :  the  Pteroiyus  funereus,  another  of  these  lar<^e 
bats,  assembles  in  as  great  numbers.  ° 

About  180  species  of  the  ape  and  Monhey  Tribe  are  entirely 
Asiatic :  monkeys  are  found  only  on  the  coast  of  India,  Cochin- 
bhma,  and  the  Sunda  Islands :  the  long  armed  apes  or  Gibbons 
belong  to  the  Sunda  Islands  and  the  peninsula  of  Malacca  The 
Stmayang,  a  very  large  ape  of  Sumatra,  moves  about  in  large 
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troops,  following  a  leader,  and  makes  a  howling  noise  at  sunrise 
and  sunset  that  is  heard  miles  off".  Sumatra  and  Borneo  are  the 
peculiar  abode  of  the  Oranfj-outanff,  a  name  which  in  the  Malay 
language  signifies  '  man  of  the  woods  ; '  except  perhaps  the  Chim- 
panzee of  Africa,  it  approaches  nearest  to  man.  It  has  never  spread 
over  the  islands  it  inhabits,  though  there  seems  to  be  nothing  to 
prevent  it,  but  it  finds  all  that  is  necessai7  within  a  limited  district. 
The  orang-outang  and  the  long  armed  apes  have  extraordinary 
muscular  strength  ;  they  swing  from  tree  to  tree  by  their  arms. 

The  Malays  have  given  the  name  of  orang,  or  man,  to  the 
whole  tribe,  on  account  of  their  intelligence  as  well  as  their  form. 

A  two  horned  Rhinoceros  is  peculiar  to  Sumatra,  of  a  different 
species  from  the  African,  also  the  Felis  macrocelis,  and  a  very  large 
Bear ;  there  are  only  2  species  of  Squirrels  in  Java,  which  is  re- 
markable, as  the  Sunda  Islands  abound  in  them.  The  Royal  Tiger 
of  India  and  the  Elephant  are  found  in  Sumatra,  and  the  Babiroiissa 
Hog  in  Borneo ;  but  these  two  islands  possess  many  quadrupeds  in 
common,  as  a  Leopard,  the  Black  Antelope,  some  graceful  miniature 
creatures  of  the  deer  kind,  the  Tapir,  also  found  in  Malacca,  besides 
a  wild  bear,  an  inhabitant  of  all  the  marshy  forests  from  Borneo  to 
the  Moluccas.  In  the  larger  islands  Deer  abound,  some  as  large  as 
the  elk,  probably  the  Hippelaphus  of  Aristotle. 

The  Anoa,  a  ruminating  animal  about  the  size  of  a  sheep,  a 
species  of  antelope,  shy  and  savage,  goes  in  herds  in  the  mountains 
of  Celebes,  where  many  animals  strangers  to  the  Sunda  Islands, 
begin  to  show  themselves,  as  some  sorts  of  Phalangers,  or  pouched 
quadrupeds.  These  new  forms  become  more  numerous  in  the 
Moluccas,  which  are  inhabited  by  Flying  Phalangers  and  other 
pouched  animals,  with  hairless  scaly  tails.  The  phalangers  are 
nocturnal,  and  live  on  trees.  In  New  Guinea  there  are  Kangaroos, 
the  Spotted  Phalanger,  the  Ne^o  Guinea  Hog,  and  the  Papua  Dog, 
said  to  bp  the  wild  species  from  which  all  the  native  dogs  in 
Australia  and  Oceania,  wild  or  tame,  are  descended.  The  E.  islands 
of  the  Archipelago,  in  fact,  belong  to  a  zoological  division  quite  dis- 
tinct from  Southern  Asia,  and,  according  to  Mr.  Wallace,  should  be 
classed  with  Australia.  The  line  of  division  is  a  deep  sea  channel 
running  nearly  S.E.  and  N.W.  through  the  islands,  beginning 
with  the  narrow  strait  which  separates  the  Islands  of  Bali  and 
Lombok  and  running  between  Borneo  and  Celebes.  Celebes  is  to 
some  extent  an  intermediate  land,  possessing  a  representative  of  the 
Quadrumaua  order.  In  all  the  other  E.  islands,  as  in  Australia, 
monkeys,  pachydermata,  and  a  host  of  other  families,  genera, 
and  species  common  in  the  W.  islands  and  S.  Asia,  are  entirely 
unknoAvu.  It  is  remarkable  that  this  classification  corresponds 
with  the  depth  of  the  seas  separating  the  lands;  Borneo,  Sumatra, 
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and  Java  being  connected  with  the  Malayan  Peninsula  by  a 
shallow  sea,  just  as  New  Guinea  and  its  surrounding  islands  are 
connected  by  a  channel  of  small  depth  with  Australia. 

§  4.  African  Quadrupeds. — The  opposite  extremes  of  aridity 
and  moisture  in  the  African  continent  have  had  great  influence  on 
the  nature  and  distribution  of  its  animals ;  and  since  by  far  the 
greater  part  consists  of  plains  utterly  barren  or  covered  by  tem- 
porary verdure,  and  watered  by  periodical  streams  that  flow  only 
dua-ing  a  few  months  in  the  year,  fleet  animals,  fitted  to  live  on  arid 
plains,  are  far  more  abundant  than  those  that  require  rich  vegeta- 
tion and  much  water.  The  latter  are  chiefly  confined  to  the  inter- 
tropical coasts,  and  especially  to  the  large  jungles  and  deep  forests 
in  the  centre  and  at  the  northern  declivity  of  the  table-land,  where 
several  genera  and  many  species  exist  that  are  not  foimd  elsewhere. 
Africa  has  a  faima  in  many  respects  different  from  that  of  every 
other  part  of  the  globe ;  for  although  about  100  of  its  quadrupeds 
are  common  to  other  countries,  there  are  250  species  exclusively  its 
own.  Several  of  these  animals,  especially  the  larger  kinds,  are  dis- 
tributed over  the  whole  table-laud  from  the  Oape  of  Good  Hope  to 
the_  islands  of  Abyssinia  and  Senegambia  without  the  smallest 
variety;  some  are  slightly  modified  in  colour  and  size.  Ruminating 
Anvmals  are  very  numerous,  though  few  have  been  domesticated  : 
of  these  the  Ox  of  Abyssinia  and  Bornou  is  remarkable  fi-om  the 
extraordinary  size  of  its  horns,  which  are  sometimes  2  ft.  in  cir- 
cumference at  the  root ;  the  Galla  Ox  of  Abyssinia  has  horns  4  ft. 
long;  and  the  Ox  from  Xuruman,  in  the  territory  of  our  Oape 
Colony,  5  ft.  in  length,  by  one  and  three-quarters  in  diameter  at 
the  base.  There  are  many  African  varieties  of  Bufalo ;  that  at  the 
Gape  of  Good  Hope  is  a  large,  fierce  animal,  wandering  in  herds  in 
every  part  of  the  country,  even  to  Abyssinui:  the  flesh  is  some- 
times impregnated  with  the  odour  of  musk.  The  African  Sheep 
and  Goats,  of  which  there  are  many  varieties,  differ  from  those  of 
other  countries;  the  wool  of  all  is  coarse,  except  that  of  the  Merino 
sheep  said  to  have  been  introduced  from  Morocco  into  Spain  bv 
the  Moors.  ^  ^ 

No  country  possesses  a  Ruminating  Animal  similar  to  the  GirafTe 
or  Oamelopard,  which  ranges  widely  over  S.  Africa  fi-om  the  n' 
banks  of  the  Gareep,  or  Orange  Eiver,  to  the  Great  Desert;  it  is 
also  found  m  Dongola  and  in  Abyssinia.  It  is  a  gentle  timid 
animal,  and  has  been  seen,  though  rarely,  in  troops  of  100  The 
earliest  record  we  have  of  it  is  on  the  sculptured  monimieuts  of  the 
ancient  Egyptians,  and  it  is  well  known  that  it  was  brou-ht  to 
Rome  to  grace  the  triumph  of  a  victorious  emperor  ° 

Africa  may  truly  be  called  the  land  of  the  genus  Antilope 
which  IS  found  m  every  part  of  it,  where  it  may  be  said  to  repS 
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sent  the  deer  of  Europe,  Asia,  and  America.  Different  species 
have  their  peculiar  localities,  while  others  are  more  widely  dis- 
persed. The  greater  numher  are  inhabitants  of  the  open  plains, 
while  a  few  penetrate  into  the  forests.  About  70  species  have  been 
described,  of  which  at  least  26  are  found  N.  of  the  colony  of  the 
Oape  of  Good  Hope  and  in  the  adjacent  countries.  They  are  of 
every  size,  from  the  Pic/my  Antelope,  not  larger  than  a  hare,  to  the 
Caama  and  the  Eland,  which  are  as  large  as  the  ox  and  horse. 
Timidity  is  the  universal  character  of  the  race.  Most  of  the 
species  are  gregarious  ;  and  the  number  in  a  herd  is  far  too  great 
even  to  be  guessed  at.  Like  all  animals  that  feed  in  herds,  they 
have  sentinels ;  and  they  are  the  easy  prey  of  so  many  carnivorous 
animals  that  their  safety  requires  this  precaution.  At  the  head  of 
their  enemies  is  the  lion,  who  liu-ks  among  the  tall  reeds  at  the 
fountains,  to  seize  them  when  they  come  to  drink.  The  antelopes 
for  the  most  part  are  graceful  in  their  motions,  especially  the 
Springloli,  which  travels  in  compact  troops ;  and  in  their  march 
there  is  constantly  one  which  gathers  its  slender  limbs  together, 
and  bounds  into  the  air. 

Africa  has  only  2  species  of  Deer,  both  inhabiting  the  chain  of 
the  Atlas :  one  is  the  common  fallow  deer  of  Eui-ope. 

There  are  3  species  of  the  Horse  peculiar  to  S.  Africa  ;  of  these 
the  Zehra,  the  more  sober  colom-ed  Quagga,  and  Burchell's  Quogga, 
beautifully  striped,  wander  in  troops  over  the  plains,  often  in  com- 
pany with  Ostriches,  An  alliance  between  creatm-es  differing  in 
nature  and  habits  is  not  easily  accounted  for.  The  two  horned 
rhinoceros  of  Africa  is  different  from  that  of  Asia ;  there  are  cer- 
tainly three,  and  probably  five  species  of  these  huge  animals 
peculiar  to  the  table-laud.  Dr.  Smith  saw  150  in  one  day  near 
24°  S.  lat.  The  Hippopotamus  is  exclusively  African :  multi- 
tudes inhabit  the  lakes  and  rivers  in  the  tropical  and  S.  parts 
of  the  continent ;  those  that  inhabit  the  Nile  and  Senegal,  if  they 
do  not  belong  to  a  different  species,  form  a  very  marked  variety. 
The  Elephant  differs  very  considerably  from  that  of  Asia,  and  is 
so  nimierous  that  200  have  been  seen  in  a  herd  near  Lake  Chad  : 
and  according  to  the  accounts  of  recent  explorers  they  seem  to 
be  equally  numerous  in  other  parts  of  the  interior  of  the  conti- 
nent. They  are  not  domesticated  in  Africa,  and  are  hunted  by  the 
natives  for  their  tusks.  The  Fhacochoerus,  or  Wart-hog,  lives 
beyond  the  limits  of  Oape  Colony;  and  the  Bosch  Vark  {Sus 
larvatus),  on  its  E.  coasts,  as  well  as  a  species  of  Hyrax,  are 
among  the  peculiar  Pachydermata  of  this  continent.  The  Monkey 
tribe  is  found  in  all  the  hot  parts  of  Africa :  peculiar  genera  are 
allotted  to  particular  districts.  Except  a  few  in  Asia,  the  group 
of  the  Guenon  Monkeys  is  found  in  no  other  part  of  the  world  than 
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about  the  Oape  of  Good  Hope,  and  on  or  near  the  coasts  of  Loauda 
and  CTiiinea.  The  species  are  numerous,  and  vary  much  in  size  and 
colours ;  the  Cynocephalus,  or  dog  headed  haboon,  with  a  face  like 
that  of  a  dog,  is  large,  powerful,  and  dangerous.  A  species  of 
these  baboons  inhabits  Guinea,  others  the  S.  parts  of  the  table-land, 
and  one  is  met  with  everywhere  from  Senaar  to  Oaffi-aria.  A  re- 
markable long  haired  species  of  baboon,  the  Hamadryas,  is  found 
in  the  mountains  of  Abyssinia,  800  ft.  above  the  sea ;  the  Man- 
drills, which  belong  to  the  same  genus,  come  from  the  coasts  of 
Guinea.  The  Magot,  or  Barbary  Ape,  is  common  over  N.  Africa. 
The  African  long  haired  tailless  apes,  which  form  the  genus 
C'olobus,  are  met  with  in  the  tropical  districts  on  the  W.  coast 
the  C.  Polycomos,  or  king  of  the  monkeys,  so  called  by  the  natives 
from  its  beautiful  fm-  and  singular  head  of  bushy  hair,  is  met  with 
in  the  forests  about  Sierra  Leone.  The  Chimpanzee,  which  so 
nearly  approaches  the  human  form,  inhabits  the  forests  of  W. 
Africa  from  Oape  Negro  to  the  Gambia.  Living  in  troops,  like 
most  apes  and  monkeys,  which  are  eminently  gregarious,  it  is  very 
intelligent  and  easily  tamed.  A  new  genus,  the  Gorilla,  allied  to 
the  Chimpanzee,  sm-passing  in  size  the  Orang-outang,  was  first 
accm-ately  described  by  Professor  Owen:  its  habitat  is  restricted  to 
the  equatorial  coast  forests  around  the  Gaboon  and  Fernand  Vaz 
Eivers.  Other  species  or  varieties  of  the  Chimpanzee  were  added 
by  the  indefatigable  explorer  M.  du  Chaillu.i 

Africa  possesses  the  Cat  Tribe  in  great  variety  and  beauty ; 
Lions,  Leopards,  and  Panthers  are  numerous  throughout  the  conti- 
nent; Servals  and  Viverrine  Ca^s  inhabit  the  torrid  districts;  and 
the  lion  of  the  Atlas  has  ever  been  considered  the  most  formidable 
of  carnivorous  animals.  In  no  country  are  Foxes  so  abundant 
Various  species  inhabit  Nubia,  Abyssinia ;  and  about  the  Cape  of 
Good  Hope  we  find  the  lion,  leopard,  and  the  serval.  A  lon^^ 
eared  fox  of  nocturnal  habits,  the  Fennec  of  Bruce,  found  from 
the  Oape  of  Good  Hope  to  Kordofan,  is  peculiar  to  Africa.  There 
are  also  various  species  of  Doys,  the  Hycena,  and  the  Jackal  The 
hvEenas  hunt  in  packs,  attack  the  lion  and  panther,  and  end  bv 
destroying  them. 

Two  genera  oi  Edentata  are  African— the  long  tailed  Manis  of 
several  species,  and  the  Aard-vark,  or  earth-hog ;  the  first  is 
covered  with  horny  scales,  the  latter  with  coarse  longhair;  thev 
burrow  in  the  ground  and  feed  on  ants.  Great  flocks  of  a  lar-e 
migratory  frugivorous  bat  frequent  the  Slave  Ooast.  ° 

Multitudes  of  Antelopes  of  various  species,  Lions,  Leopards  Pan- 
thers, Ilycenas,  Jackals,  and  some  other  Ca7-nivora,  live  in  the' oases 
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of  the  great  N.  deserts;  Jerhoas,  and  endless  species  of  Rats, 
Mice,  and  other  small  rodents,  burrow  in  the  ground.  The  dryness 
of  the  climate  and  soil  keeps  the  coats  of  the  animals  clean  and 
glossy ;  and  it  has  been  observed  that  tawny  and  grey  tints  are  the 
prevailing  colours  in  the  faima  of  the  N.  African  deserts,  not  only 
in  the  birds  and  beasts,  but  in  reptiles  and  insects.  In  consequence 
of  the  continuous  desert  extending  from  N.  Africa  through  Arabia 
to  Persia  and  India,  many  identical  species  of  quadrupeds  exist  in 
those  countries. 

The  fauna  of  the  great  Island  of  Madagascar  is  in  some  small 
degree  analogous  to  that  of  India,  though,  as  far  as  it  is  known,  it 
seems  to  form  a  distinct  centre  of  animal  life.  It  has  no  ruminating 
animals.  Pachyderms  or  large  Felidae ;  and  the  Monkey  Tribe  is 
represented  by  the  Lemurs,  the  Gctlagos,  and  Indris,  animals  cha^ 
racteristic  of  this  insular  fauna.  A  frugivorous  Bat,  the  size  of  a 
common  fowl,  forms  an  article  of  food  ;  and  one  of  the  most  ex- 
traordinary of  the  existing  mammals,  the  Aye-aye  (Ohiromys),  an 
exceedingly  specialised  form  of  the  Lerauroid  type,  is  confined  to 
this  island. 

§  5.  American  Quadrupeds. — America  is  probably  the 
richest  zoological  province  in  the  world,  .possessing  nearly  600 
species  of  mammalia,  of  which  480  are  peculiar  to  it ;  yet  no 
country  has  contributed,  so  little  to  the  stock  of  domestic  animals. 
With  the  exception  of  the  llama  and  alpaca,  the  turkey,  and  per- 
haps some  varieties  of  dogs,  America  has  furnished  no  quadruped 
or  bird  serviceable  to  man,  while  it  has  received  from  Em'ope  aU 
its  domestic  animals  and  its  present  civilised  inhabitants. 

Arctic  America  possesses  most  of  the  valuable  Fur  bearing  Ani- 
mals that  are  found  in  Siberia ;  and  they  were  very  plentiful  till  the 
unsparing  destruction  of  them  has  driven  those  yet  remaining  to 
the  high  latitudes,  where  the  hunters  that  follow  them  are  exposed 
to  gi-eat  hardships.  Nearly  2,000,000  of  skins  are  brought  annually 
to  England,  most  of  which  are  taken  in  the  forest  regions.  The 
Barren  Groimds  are  inhabited  by  the  Arctic  Fox,  the  Polar  Hare, 
the  Brmon  and  the  White  Bear,  a  formidable  animal  which  generally 
lives  on  the  ice  itself.  The  Reindeer  feeds  on  the  lichens  and 
mosses  of  these  barren  grounds,  and  wanders  to  the  shores  of  the 
Polar  Ocean :  its  S.  limit  in  Europe  is  the  Baltic  Sea,  in  America 
the  latitude  of  Quebec.  Some  of  the  fur  bearing  quadrupeds  of 
these  deserts  never  pass  65°  N.  lat. ;  the  greater  number  live  in  the 
N.  forests,  as  the  Black  Bear,  Racoon,  Badger,  the  Ermine  and  4  or 
5  other  members  of  the  Weasel  Tribe,  the  Red  Fox,  the  Polar  and 
Brmon  Lynxes,  the  Beaver,  the  Musquash  or  musk  rat,  of  which  half 
a  million  are  killed  annually  for  their  fm-,  and  the  Elk  or  moose  deer, 
whose  N.  range  ends  where  the  aspen  and  willows,  its  principal 
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food,  cease  to  grow.   The  Grizzly  Bear,  the  largest  and  most  fero- 
cious of  its  kind,  inhabits  the  range  of  the  Eoclcy  Mountains  as  far 
S.  as  Mexico,  as  well  as  the  W.  savannahs.    The  Prairie  Wolf,  the 
Ch-ey  Fox,  the  Virginian  Hare,  live  in  the  prairies  ;  the  Wapiti,  the 
largest  of  the  deer  tribe  after  the  elk,  inhabits  those  on  both  sides 
of  the  Rocky  Mountains  ;  and  the  Prongbuck,  an  antelope  fleeter 
than  the  horse,  remarkable  for  its  bifurcated  horns,  roams  through- 
out the  W.  part  of  the  continent,  and  migrates  in  winter  to  Cali- 
fornia and  Mexico.  The  Musk  Ox  and  Bison  are  peculiar  to  North 
America.    The  musk  ox  extends  its  migrations  N.  to  Parry  Islands 
and  Banks  Land  in  the  Arctic  regions,  yet  it  never  has  been  seen 
in  Greenland  or  on  the  N.W.  side  of  the  continent.    The  bison  is 
met  with  as  far  S.  as  the  Arkansas,  and  roams,  in  herds  of  thou- 
sands, over  the  prairies  of  the  Mississippi  and  on  both  sides  of  the 
Roclty  Moimtains.    It  seldom  wanders  farther  than  60°  N.  lat.,  the 
southern  limit  of  the  musk  ox.    A  species  of  Marmot  known  by 
the  name  of  the  Prairie  Dog  is  everywhere  to  be  met  with  in  the 
great  plains  from  which  it  derives  its  name. 

There  are  at  least  8  varieties  of  American  Dogs,  several  of 
which  are  natives  of  high  N.  latitudes.  The  Lagopus,  or  Isatis 
of  Spitzbergen  and  Greenland,  is  found  over  the  Arctic  regions  of 
America  ^nd  Asia,  and  in  the  Kurile  Islands.  Dogs  are  employed 
to  draw  sledges  in  Newfoimdland  and  Canada  ;  and  the  Esquimaux 
travel  dra^vn  by  dogs  as  the  Lapps  and  the  Finns  do  by  reindeer 
These  dogs  are  strong  and  docile ;  they  were  mute  tiU  they  learned 
to  bark  from  European  dogs  in  om-  discovery  ships. 

There  are  13  species  of  Ruminating  Animals  in  North  America 
including  the  bison,  the  musk  ox  of  the  Arctic  regions,  the  bi^ 
horned  sheep,  and  the  goat  of  the  Rocky  Mountains.  The  horse 
now  roaming  wild  in  innumerable  herds  over  the  plains  of  South 
America,  was  unknown  there  till  the  conquest  by  the  Spaniards 
The  quadrupeds  of  the  temperate  zone  are  distributed  in  distinct 
groups:  those  of  the  State  of  New  York,  consisting  of  about  40 
species,  are  different  from  those  of  the  Arctic  regions,  and  also 
from  tiiose  of  South  Carolina  and  Georgia  ;  whUe  in  Texas  another 
assemblage  of  species  prevails. 

There  are  about  130  species  of  Rodents,  or  gnawing  animals,  in 
North  America-i2flis,  Mice,  Squirrels,  Beavers,  &c.-some  of 
which,  especiaUy  in  the  N.,  appear  to  be  identical  with  those 
m  the  high  latitudes  of  Europe  and  Asia.  The  genera  of  verv 
dilierent  latitudes  are  often  representatives,  but  never  identical 
a  Wait  America;  the  grey  squirrel  is  very 

_  About  30  species  of  the  genus  Opossum  are  enumerated  a<, 
existing  m  this  continent.    Of  these  the  Virginian  opossum  in 
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liaMts  the  whole  extent  of  America  from  the  Canadian  lakes  to 
Paraguay,  and  also  the  West  India  Islands,  where  it  is  called  the 
Manicou ;  and  two  other  species  of  the  tribe  live  in  Mexico.  There 
is  a  Porcupine  in  the  United  States  a"nd  Canadian  forests  which 
climhs  trees ;  and  others  of  the  same  genus  are  found  in  South 
America. 

The  high  land  of  Mexico  forms  a  very  decided  line  of  demar- 
cation between  the  fauna  of  North  and  South  America  ;  yet  some 
North  American  animals  are  met  with  beyond  it,  particularly  2 
Bears  and  an  Otter,  which  inhabit  the  continent  from  the  Icy 
Ocean  to  beyond  Brazil.  On  the  other  hand,  the  Puma,  Jaguar ^ 
Ojwssum,  Kinkajou,  and  Peccari,  have  crossed  this  barrier,  from 
South  America  to  California  and  the  United  States. 

In  the  varied  and  extensive  regions  of  South  America  there  are 
several  centres  of  a  peculiar  mammalian  fauna,  according  as  the 
country  is  moimtainous  or  level,  covered  with  forest  or  gi-ass, 
fertile  or  desert,  but  the  animals  are  inferior  in  size  to  those  of  the 
Old  World.  The  South  American  quadrupeds  are  on  a  smaller 
scale,  more  feeble  and  more  gentle ;  many  of  them,  as  the  toothless 
group  including  the  Sloths,  are  of  anomalous  and  less  perfect 
organisation  than  the  rest  of  the  mammalian  creation. 

The  Monkey  Tribe  exist  in  myriads  in  the  forests  of.  tropical 
America  and  Brazil ;  but  they  are  met  with  in  small  numbers  to 
the  N.  of  the  Isthmus  of  Darien,and  not  farther  S.  than  the  Rio  de 
la  Plata.  They  differ  widely  from  those  in  the  Old  Worid,  being 
farther  removed  from  the  human  form ;  but  they  are  more  gentle 
and  lively.  Notwithstanding  their  agility,  they  are  often  victims 
to  birds  and  beasts  of  prey. 

There  are  two  principal  groups  of  American  monkeys— the 
Sapajous,  with  prehensile  tails,  by  which  they  suspeud  themselves 
and  swing  from  bough  to  bough  ;  some  of  these  inhabitants  of  the 
w^oods  are  very  noisy,  especially  the  Araguato,  a  large  ape  whose 
howling  is  heard  a  mile  off.  The  Howlers  are  generally  very 
large,  and  have  a  wider  range  than  any  others  of  the  genus  ;  one 
species,  the  Mycestes  rufimanus,  or  Beelzebub,  ascends  the  Andes 
to  the  height  of  11,000  ft.  The  Cebus,  or  Weepers,  which  are 
frequently  brought  to  Em-ope,  belong  also  to  this  family  ;  the  genus 
has  a  g-reater  number  of  species  than  any  other  monkey  of  the  New 
World,  but  a  very  narrow  location  to  each ;  they  are  most  abun- 
dant in  Guiana. 

Squirrel-monkeys  and  Marmosets  form  the  second  group  ot 
American  monkevs.  They  inhabit  the  banks  of  the  Orinoco,  and 
the  forests  of  Brazil.  The  marmosets  are  pretty  little  animals, 
easily  tamed,  especially  the  Midas  leouina,  not  more  than  7  or  b 
inches  long. 
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TJie^  forests  are  also  inhabited  by  Opossums,  a  genus  of  the' 
marsupial  order,  v^^hich  carry  their  young  in  pouches;  they  are 
somewhat  analogous  to  the.  race  of  animals  that  form  the  distin- 
guishmg  feature  of  the  Australian  fauna,  but  of  entirely  distinct 
genera  and  species.    Some  of  these  aumials  are  no  larger  than  a 
rat,  and  they  mostly  live  on  trees.    One  is  aquatic,  the  CUronectes, 
resembling  a  small  otter,  and  appears  to  be  only  found  in  the  river 
iapock  m  French  Guiana.    A  species  in  Surinam  carries  its  youno- 
upon  Its  back.  All  the  Opossums  and  the  Chironectes  have  thumbs 
on  then-  hmd  feet,  opposable  to  the  toes,  so  that  they  can  o-rasp; 
they  ^are,  moreover,  distinguished  from  the  Australian  marsupials 
by  a  long  prehensile  tail,  and  by  greater  agility. 

Five  genera  and  about  30  species  of  the  Edmtata  are  charac- 
teristic of  this  continent,  and  confined  to  South  America-  they 
consist  of  the  several  species  of  Sloths ;  several  ArmacMloes,  the 
Chlamyphorus,  and  4  or  5  Myrmecophagm  or  Ant-eaters.  The 
animals  of  these  genera  have  very  different  habits  :  the  sloths,  aa 
theii- name  implies,  are  the  most  sluggish  of  animals  ;  they  inhabit 
the  forests  fi-om  the  S.  Ihnit  of  Mexico  to  Eio  de  Janeii-o,  and' 
qomV  .  tiie  jegion  of  Palms  and  Scitamine^,  as  high  as 

3000  ft.  on  the  declivities  of  the  Andes.  The  Armadillo,  in  its 
coat  of  mail,  is  m  perpetual  motion,  and  can  outnm  a  man  in  speed. 

Ind\rP?  r      ^r'^  ^""^'^^^  as  Paraguay 

ftilf      n  ""^f  11  ^r'-  ^^^^^-i  armadillo  rolls 

Itself  up  hke  a  ball;  the  nine  banded  one  is  eaten  by  the  natives  • 
the  giant  armadillo,  3  ft.  long,  inhabits  the  forests.  Most  of  these 
species  are  nocturnal,  and  burrow  in  the  earth  in  the  Pampas 
T^^  CUamy^^orns  is  also  a  burrowing  animal,  peculiar  to  the 
province  of  Mendoza  on  the  E.  slope  of  the  Chilian  Andes  •  they 
have  the  faculty  of  sitting  upright,  for  which  the  hinder  Jt  of 
their  scaly  armour  is  admirably  adapted.    The  Great  or  Mcm^ 

tlT\  ^f.  t'f  ^'i  '  Newfoimdrand  dog1^  hf 

body,  but  with  shorter  legs,  defends  itself  against  the  jaguar  w^th 
ts  powerful  claws;  it  inhabits  the  swamp/ savannahs^  and  dimp 

loot  of  the  Andes ;  its  flesh,  like  that  of  some  other  American 
animals  has  a  strong  smell  of  musk.  The  LUtle  Ant-eZ Tm 
JZT  rV""  a  prehensile  tail,  and  lives  on  trees  in  the  trop  f  i 

The  Cat  Tnbe  in  South  America  are  beautiful  in  their  cdom-s Td 
powerful  m  strength:  the  Puma,  called  the  Lion  of  TZlTt 
found  in  great  numbers  both  in  the  mountains  and  the  pki  is  So 
different  are  its  habits  in  different  places,  that  in  Chile  t  i.  ;in.^^ 
and  flies  from  a  dog  ;  in  Peru  it  is  bold,  th'ough  i  rardy^^^^^^^^^^^^ 
human  race.    The  Jayuar,  which  inhabits  the  deep  tropicaT^^^^^^^^^ 
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is  very  atimdant,  and  so  ferocious  that  it  will  sometimes  spring 
upon  Indians  in  a  canoe ;  it  is  one  of  the  few  South  American 
animals  that  extend  heyond  the  Isthmus  of  Panama,  being  found 
in  California  and  in  the  State  of  Mississippi ;  it  has  heen  seen  even 
as  far  N.  as  Canada  ;  offering  a  remarkable  analogy,  in  its  extensive 
wanderings,  with  the  Royal  Tiger  of  the  Old  World,  which,  as  we 
have  already  seen,  is  often  foimd  amidst  the  mountains  and  steppes 
of  Central  Asia  and  Siberia. 

The  only  Ruminating  Animals  except  the  deer  that  existed  in 
South  America  prior  to  the  conquest  were  the  4  species  of  the 
genus  Auchenia — the  Llama,  the  Alpaca,  the  Vicuna,  and  the 
Guanaco:  the  first  3  are  exclusively  confined  to  the  colder  and 
more  elevated  regions  of  the  Peruvian  Andes  ;  the  last  has  a  wider 
geographical  range,  extending  to  the  plains  of  Patagonia,  and  even 
to  the  southernmost  extremity  of  the  continent.  The  Llama  in- 
habits the  high  valleys  of  the  Peru-Bolivian  Andes,  its  favourite 
region  being  in  the  valley  of  the  Lake  of  Titicaca :  it  was  the  only 
beast  of  burden  possessed  by  the  aborigines ;  hence  we  find  it 
domesticated  wherever  the  Incas  carried  their  conquests  and 
civilisation,  from  the  equator  to  beyond  the  S.  tropic.  It  is  stiU 
extensively  employed  by  the  Indian  as  a  beast  of  burden,  and 
its  wool,  though  coarse,  is  used  by  the  natives  for  their  clothing. 
Like  all  domestic  animals,  it  varies  in  colour :  its  flesh  is  dark  and 
disagreeable  to  the  taste. 

The  Aljjaca,  or  Paco,  a  gentle  and  handsome  animal,  although 
more  closely  allied  to  the  llama  than  any  of  its  congeners,  appears 
to  be  a  distinct  species :  it  lives  in  still  more  elevated  sites  than 
the  llama,  its  favourite  haunts  being  on  the  streams  descending 
from  the  snowy  peaks:  it  is  only  found  in  a  domestic  state; 
it  is  reared  for  its  wool,  which  is  extremely  fine,  silky,  and  long, 
and  which  now  bears  a  high  price,  from  its  introduction  into  some 
of  our  fiinest  woollen  tissues.^  The  Vicuna  is  only  found  in  the  wild 
state  in  the  plains  on  the  Andes,  as  high  as  15,000  ft. ;  the  wool 
is  much  prized  for  its  fineness.  This  animal  has  a  shrill  whistle  ; 
it  is  .easily  tamed.  The  Guanaco,  by  some  naturalists  considered 
erroneously  as  the  parent  stock  of  the  llama  and  alpaca,  is  also 
only  found  in  the  wild  state :  it  extends  to  12°  S.  lat.,  is  very 
abundant  and  in  large  flocks  on  the  Bolivian  and  ChiUan  Andes, 
and  has  been  seen  as  far  S.  as  the  Strait  of  Magellan.  All  these 
animals  feed  priucipaUy  on  a  species  of  coarse,  wiry  grass  called 

^'''''several  species  of  Deer  are  foimd  in  the  tropical  regions  of  South 


1  The  alpaca  has  been  introduced  into  the  colony  of  New  South 
•with  great  success. 
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America,  and  a  remarlral)le  one,  tlie  Cervus  Andium,  with  fragile 
liair  like  that  of  the  roebuck  of  Europe,  as  high  as  11,000  ft.  in 
the  Andes. 

Among  the  Rodentia^  the  Agoutis  represent  oiu*  hares  in  the 
plains  of  Patagonia,  in  Paraguay,  &c.,  and  extend  as  far  N.  ais 
Guiana.  The  trihe  of  the  Cavias,  or  guinea  pigs,  are  found  in 
Brazil,  and  some  species  in  the  great  table-lands  of  the  Peru- 
Bolivian  Andes ;  the  Echimys  or  prickly  rat,  is  an  inhabitant  of 
the  banks  of  the  Rio  de  la  Plata  and  Paraguay  ;  the  Vizcacha  of 
the  Pampas,  a  bm'rowing  animal,  inhabits  the  great  plains  of  Buenos 
Ayres  ;  an  animal  bearing  the  same  name,  but  of  a  very  different 
species,  is  frequent  in  the  rocky  regions  of  the  Andes,  as  high  as 
16,000  ft.  above  the  sea ;  and  the  beautiful  Chinchilla ,  nearly  allied 
to  the  latter,  whose  fiu-  is  so  highly  esteemed,  inhabits  the  same 
regions,  at  the  same  g-reat  elevations,  in  the  Andes  of  South  Peru^ 
Bolivia,  and  Chile :  the  best  fiu*  of  the  chinchilla  is  collected  in 
the  Bolivian  province  of  Potosi,  and  in  the  Chilian  province  of 
Oopiapo.  The  largest  of  all  the  rodentia,  the  Capyhara  (Myopo- 
tamus),  inhabits  the  banks  of  the  great  rivers  of  tropical  America, 
where  its  habits  resemble,  according  to  some  travellers,  those  of 
the  hippopotamus.  The  Paca,  the  next  in  size,  is  less  aquatic  in 
its  habits,  and  lives  in  the  dense  forests  of  Brazil  and  Paraguay. 

It  is  very  remarkable  that,  in  a  coimtry  which  has  the  most 
luxuriant  vegetation,  there  should  not  be  one  native  species  of 
hoUow  homed  nmiinauts,  as  the  ox,  sheep,  goat,  or  antelope  ;  and 
it  is  still  more  extraordinary  that  the  existing  animals  of  South 
America,  which  are  so  nearly  allied  to  the  extinct  inhabitants  of 
the  same  soil,  should  be  so  inferior  in  size  not  only  to  them,  but 
even  to  the  living  quadrupeds  of  South  Africa,  which  is  com- 
paratively a  desert  as  regards  its  vegetation.  The  quantity  of 
vegetation  in  Brazil  at  any  one  time  exceeds  the  quantity  of  an  equal 
area  in  the  interior  of  South  Africa  very  considerably,  yet  Dr. 
Darwin  has  computed  that  the  weight  of  10  of  the  largest  South 
Afi-ican  quadrupeds  is  24  times  greater  than  that  of  the  same 
number  of  quadrupeds  in  South  America;  for  in  South  America 
there  is  no  animal  of  the  size  of  a  cow,  so  that  there  is  no  relation 
between  the  bulk  of  the  species  and  the  vegetation  of  the  countries 
they  inhabit. 

The  largest  animals  indigenous  in  the  West  India  Islands  are 
the  Agouti,  the  Racoon,  the  Hovitias,  a  native  of  the  forests  of 
Cuba ;  the  carnivorous  Bidelphi  and  the  EinJtajou  are  common  to 
them  and  to  the  continent;  the  Kinkajou  is  a  solitary  instance  of 
a  carnivorous  animal  with  a  prehensile  "tail. 

§  6.  Australian  Quadrupeds.— Australia  is  not  farther 
separated  from  the  rest  of  the  world  by  geographical  position  than 
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by  its  fauna.  Its  animals  are  creatures  apart,  of  an  entirely  se- 
parate type  ;  they  are  few  as  regards  species,  and  still  fewer  as  to 
individuals,  if  the  vast  extent  of  country  be  taken  into  considera- 
tion ;  and  there  has  not  been  one  large  animal  discovered  in  it. 
There  are  about  160  species  of  mammalia  in  Australia,  and  there 
IS  not  a  single  example  of  the  ruminating  or  pachydermatous 
animals,  so  useful  to  man,  among  them.  There  are  no  native 
horses,  oxen,  or  sheep ;  yet  all  these  thrive  and  multiply  on  the 
grassy  steppes  of  the  country,  which  seem  to  be  so  well  suited  to 
them,  ^  There  are  none  of  the  monkey  tribe ;  indeed,  they  could 
not  exist  in  a  country  where  there  is  scarcely  any  fruit. 

Of  the  species  of  indigenous  quadrupeds,  nearly  all  are  con- 
fined to  this  continent,  and  by  far  the  greater  number  are  Mar- 
minal  Animals,  distinguished  from  all  others  by  their  young  being 
as  it  were  prematurely  born  and  nourished  ii>  the  pouch  till  they 
are  able  to  fare  for  themselves.^  Though  all  the  members  of  this 
numerous  family  agree  in  this  circumstance,  they  are  dissimilar  in 
appearance,  internal  structure,  in  their  teeth  and  feet,  consequently 
m  their  habits ;  2  genera  live  on  vegetable  food,  one  gi-oup  are 
gnawers,  and  another  entirely  deprived  of  teeth.  The  Kangaroo 
and  the  Kangaroo  Rat  walk  on  their  hind  legs,  and  advance  by 
bounds,  springing  fi-om  their  strong  tails  ;  the  kangaroo  rat  holds 
its  food  in  its  paws  like  the  squirrel ;  the  Phakmgers  live  on  trees, 
and  swing  by  their  bushy  tails— some  burrow  in  the  sand ;  the 
Flying  Opossum,  or  Petaurus,  peculiarly  an  Australian  animal,  lives 
at  the  foot  of  the  Blue  Mountains,  on  the  leaves  of  the  gum  tree ; 
by  expanding  the  skin  of  its  sides  as  a  parachute,  it  supports  itself 
in  the  an-  in  its  leaps  from  bough  to  bough.  Several  of  the  genera 
are  nocturnal,  a  characteristic  of  many  Australian  animals. 

The  Pouched  Tribe  va,ry  in  size  from  that  of  a  large  dog  to  a 
mouse ;  the  kangaroos,  which  are  the  largest,  are  easily  domes- 
ticated, and  are  used  for  food  by  the  natives.  Some  go  in  large 
herds  in  the  mountains,  others  live  in  the  plains ;  however,  they 
have  become  scarce  near  the  British  colonies,  and,  with  aU  other 
native  animals,  are  likely  to  be  soon  extirpated.  In  Tasmania 
they  are  less  persecuted ;  several  species  exist  there.  The  kanga- 
roos are  more  widely  dispersed  than  any  of  the  marsupial  animals  of 
Australasia.  They  exist  not  only  in  Australia  and  Tasmania,  but 
also  in  New  Guinea.  The  Banded  Kangaroo,  the  handsomest  of 
his  tribe,  is  foimd  only  in  the  islands  in  Shark  Bay,  on  the  W.  coast 


1  There  are  5  tribes,  15  genera,  and  more  tlinu  102  species  of  li^ang 
marsupial  animals,  amounting  to  about  one  twelfth  of  all  the  mammalia. 
The  Opossum  and  Cliironectes  are  American  ;  the  four  other  families  are 
inhabitants  of  Australia  and  the  Indian  Archipelago. 


CHAr.  XXXV.        AUSTEALIAN  QUADRUPEDS. 


487 


of  New  South  Wales.  Tlie  Wombat  is  peculiar  to  Australia,  the 
islands  in  Bass  Strait,  and  Tasmania ;  to  which  the  2  largest  car- 
nivorous marsupials  peculiarly  belong,  called  by  the  natives  the 
Zeb7-a  Wolf  {Thylacinus)  and  the  ^native  Devil'  {Oarcophilus)  ; 
both  are  nocturnal,  predatory,  and  fierce.  A  Wild  Dog  living  in 
the  woods,  whose  habits  are  ferocious,  is,  with  the  Zebra  wolf,  the 
largest  carnivorous  animal  in  Australia. 

The  Gnmoing  Animals  are  aquatic  and  very  peculiar  ;  but  the 
Monotremata  of  Australia  are  quite  anomalous,  and  peculiar  to  the 
country  ;  of  these  there  are  two  genera,  the  Ornithorhynchus,  or 
duck  billed  mole,  and  the  Echidna :  they  are  the  links  that  con- 
nect the  Edentata  with  the  pouched  tribe,  and  mammalia  with 
oviparous  animals.  The  Ornithorhjmchus  is  about  14  inches  long, 
and  covered  with  thick  brown  fur ;  its  skull  is  similar  to  that  of  a 
quadruped,  ending  in  a  bill  like  that  of  a  duck :  it  has  short  fm-rv 
legs  with  half  webbed  feet,  and  the  hind  feet  are  armed  with  claws 
and  a  sharp  spur,  the  wounds  from  which  are  dangerous.  It  in- 
habits burrows  on  the  banks  of  rivers,  which  have  two  entrances, 
one  above,  the  other  below,  the  level  of  the  water,  which  it  seldom 
leaves,  feeding  on  insects  and  seeds  in  the  mud. 

.  The  Echidna  is  similar  in  its  general  structure  to  the  ornitho- 
rhynchus, but  entirely  different  in  external  appearance,  being 
covered  with  spines  like  the  porcupine  ;  it  is  also  a  burrowing 
animal,  sleeps  during  winter,  and  lives  on  ants  in  summer. 

A  singular  analogy  exists  between  Australia  and  South  America 
in  this  respect,  that  the  living  annuals  of  the  two  countries  are  of 
the  same  forms  and  types  as  the  extinct  races  of  their  inhabitants, 
many  of  which  are  gigantic  representatives  of  the  now  compara- 
tively diminutive  existing  animals  ;  while  in  the  Old  Continent 
the  dift'erence  between  the  existing  and  extinct  forms  of  beings 
is  decided.  Australia  and  South  America  seem  still  to  retain 
some  of  those  conditions  that  were  peculiar  to  the  most  ancient 
geological  eras.  Thus  each  tribe  of  the  innumerable  families  that 
inhabit  the  earth,  the  air,  and  the  waters,  has  a  limited  sphere. 
How  wonderful  the  quantity  of  life  that  now  is,  and  the  myriads 
of  beings  that  have  appeared  and  vanished  !  Dust  has  returned  to 
dust  thi-ough  a  long  succession  of  ages,  and  has  been  continually 
remoulded  into  new  forms  of  existence — not  an  atom  has  been 
annihilated  ;  the  fate  of  the  vital  spark  that  has  animated  it,  with 
a  vividness  sometimes  approaching  to  reason,  is  one  of  the  deep 
mysteries  of  Providence, 


488 


PHYSICAL  GEOGEAPHY.       Chap.  XXXVI. 


CHAPTER  XXXVI. 

DISTEIBUTION,  CONDITION,  AND   PROSPECTS  OF  THE  HUMAN  RACE. 

§  li  ITumber,  Diversity,  and  Classification  of  the  Human 
ia,a.ce, — The  total  population  of  the  earth  amounts  to  1,423,917,000, 
embracing  peoples  in  all  stages  of  civilisation,  from  a  high  state 
of 

moral  and  intellectual  culture,  to  savages  but  little  above  the 
animals  that  contend  with  them  for  -the  dominion  of  the  deserts 
and  forests  thi-oug-h  which  they  roam.  This  vast  multitude  is 
divided  into  nations  and  tribes,  differing  in  external  appearance, 
character,  language,  and  religion.  The  manner  in  which  they  are 
distributed,  the  affinities  of  structure  and  language  by  which  they 
are  connected,  and  the  effect  that  climate,  food,  and  customs  may 
have  had  in  modifying  their  external  forms  or  theii-  moral  and 
mental  powers,  are  subjects  of  much  more  difficulty  than  the  geo- 
graphical dispersion  of  the  lower  classes  of  animals,  inasmuch  as 
the  immortal  spirit  is  the  chief  agent  in  all  that  concerns  the 
Jiuman  race. 

The  human  family  consists  of  6  great  groups,^  marked  by  dis- 
tinctive characters.  Many  nations  and  sub-varieties  are  included 
i>i  each  ;  distinguished  from  one  another  by  difference  of  language, 
manners,  and  mental  qualities,  yet  bearing  such  a  resemblance  in 
general  physiognomy  and  appearance  as  to  justify  a  classification 
apparently  anomalous. 

The  Caucasian  (ffoivp  of  nations,  which  includes  the  handsomest 
and  most  intellectual  portion  of  manldnd,  inhabit  all  Europe, 
except  Lapland,  Finland,  and  Hungary  ;  they  occupy  N.  Afi-ica, 
as  far  as  20°  N.  lat.,  Arabia,  Asia  Minor,  Persia,  the  Himalayas 
to  the  Brahmaputra,  all  India  between  these  mountains  and  the 
ocean,  and,  by  recent  migration,  the  various  States  of  America. 
These  nations  are  remarkable  for  a  beautifully  shaped  head,  regu- 


1  Professor  Huxley  distinguishes  four  priucipal  types  of  mankind,  viz. 

1.  The  Australioid,  of  which  the  best  representatives  are  the  natives  of 
Australia  and  South  India. 

2.  The  Negroid,  which  is  represented  by  the  African  Negro. 

3.  The  Mongoloid,  which  prevails  over  the  vast  area  that  lies  between 
Siam  and  Lapland. 

4.  The  Xanthochroic,  or  fair  white,  which  is  chiefly  represented  by  the 
inhabitants  of  North  Europe. 

To  these  the  Professor  adds  a  fifth  variety  whicli  he  calls  Melanochroic, 
or  dark  white,  and  which  are  well  represented  by  the  peoples  of  South 
Europe. — Journal  of  Ethnological  Society,  vol.  ii.  p.  404,  1870. 
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lar  features,  fine  liair,  and  symmetrical  form.  The  Greeks, 
Georgians,  and  Circassians  are  models  of  perfection  in  form, 
especially  the  last,  wMcli  are  assumed  as  the  type  of  the  Cau- 
casian variety ;  of  which  it  is  evident  that  colour  is  not  a  cha- 
racteristic, since  they  are  of  all  shades,  from  the  fair  and  florid  to 
the  clear  dark  brown  and  almost  black.  This  family  of  nations 
has  always  been  and  still  is  the  most  civilised  portion  of  the  human 
race.  The  inhabitants  of  Hindustan,  the  Egyptians,  Arabians, 
Greeks,  and  Romans,  were  in  ancient  times  what  European  nations 
are  now.  The  cause  of  this  remarkable  development  of  mental 
power  is  no  doubt  natural  disposition,  for  the  dilference  in  the  capa- 
bilities of  nations  seems  to  be  as  great  as  that  of  individuals.  The 
origin  of  spontaneous  civilisation  and  superiority  may  generally  be 
traced  to  the  talent  of  some  master  spirit  gaining  an  ascendency 
over  his  coimtrymen.  Natural  causes  have  also  combined  with 
mental ;  mildness  of  climate,  fertility  of  soil ;  rivers  and  inland 
seaSj  by  affording  facility  of  intercourse,  and  favouring  enterprise 
and  commerce,  the  double  river  systems  in  Asia  having  brought 
distant  nations  together,  and  softened  those  hostile  antipathies 
which  separate  people,  multiply  languages,  and  reduce  all  to  bar- 
barism. The  genius  of  this  family  of  nations  led  them  to  profit  by 
these  natural  advantages ;  whereas  the  American  Indians  are  at 
this  day  wandering  as  barbarous  hordes  in  one  of  the  finest 
countries  in  the  world.  An  original  similarity  or  even  identitj"-  of 
many  spoken  languages  may  be  adverted  to  as  having  facilitated, 
communication  and  mental  improvement  among  the  Caucasian 
variety  in  very  ancient  times. 

The  Mongol-Tartar  races  form  the  second  group  of  nations. 
They  occupy  all  Asia  N.  of  the  Persian  table-land  and  of  the 
Himalayas ;  nearly  the  whole  of  E.  Asia  from  the  Brahmaputra 
to  Behring  Strait,  together  with  the  Arctic  regions  of  America  N, 
of  Labrador.  This  family  includes  the  Turkomans,  Mongol  and 
Tartar  tribes,  the  Chinese,  Indo-Chinese,  the  Esquimaux,  and  the 
Hungarians,  now  located  in  the  very  heart  of  Europe.  These 
nations  are  distinguished  by  broad  skulls  and  high  cheek  bones, 
small  black  eyes  obliquely  set,  long  black  hair,  and  a  yellow  or 
sallow  olive  complexion  ;  some  are  good  looking,  and  many  are 
well  made.  A  portion  of  this  family  is  capable  of  high  culture, 
especially  the  Chinese,  the  most  civilised  people  of  E.  Asia, 
although  they  never  have  attained  the  excellence  of  the  Caucasian 
group,  probably  from  their  exclusive  social  system,  which  has 
separated  them  from  the  rest  of  mankind,  and  kept  them  stationary 
for  ages ;  tlie  peculiarity  and  difficulty  of  their  language  have  also 
tended  to  insidate  them.  The  Kalmulcs,  who  lead  a  pastoral  and 
wandering  life  on  the  steppes  of  Central  Asia,  and  the  Esquimaux, 
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Lave  wider  domains  than  any  other  of  this  group.  The  Kalmuks 
are  rather  a  handsome  people,  and,  like  all  who  lead  a  sava-e  life 
have  acute  senses  of  seeing  and  hearing.  The  inhabitants  ot  Fin- 
land and  Lapland  are  nearly  allied  to  the  Esquimaux,  who  are 
spread  over  all  the  high  latitudes  of  both  coutinents-a  diminutive 
race,  equally  ugly  in  face  and  form. 

The  third,  or  Mcdayan,  growp  occupy  the  Malayan  Peninsula, 
and  the  W.  portion  of  the  Indian  Archipelago,  together  with  the 
Phihppmes  and  Formosa ;  and  a  sub-variety  or  section  of  the  race 
IS  spread  over  E.  and  Central  Polynesia,  from  the  Sandwich  gi-oup 
to  New  Zealand ;  this  variety  in  phvsical  structure  and  tem- 
perament seems  a  mixture  of  Papuan  and  Malav.  The  Japanese 
are  also  supposed  to  be  an  offshoot  of  the  Malayan  stock,  who  have 
migi-ated  in  prehistoric  times  from  the  Indian  Archipelago  to  their 
present  homes.  The  riding  race  of  Madagascar  also  belo'ngs  to  the 
Malay  stock.  The  Malayans  are  of  brown  complexion  of  skin, 
with  long  coarse  black  hair,  flat  faces,  and  obliquely  set  eyes. 
Endowed  with  gTeat  activity  and  ingenuity,  they  are  mild  and 
gentle,  and  far  advanced  in  the  arts  of  social  life,  in  some  places ; 
in  others  ferocious  and  vindictive,  daring  and  predatory;  from 
their  maritime  position  and  sldll,  they  are  a  migratory  race. 
Several  branches  of  this  gi-oup  of  nations  had  a  very  early  indi- 
genous civilisation,  with  an  original  literature  wi-itteu  in  peculiar 
characters  of  their  own. 

The  foiu-th  great  section  of  the  human  race  has  been  sometimes 
classed  with  the  Malayan  ;  this  includes  the  Pcqmans,  or  inhabitants 
of  New  Guinea  and  neighbouring  islands  as  far  to  the  E.  as  the 
Fiji  or  ^^iti  o-roup,  and  the  Australians.  They  differ  from  the 
Malays  by  their  darker  skin,  the  crisp  and  bushy  nature  of  their 
hair,  and  their  more  aggressive,  demonstrative,  and  lively  disposi- 
tions. Many  of  the  tribes  of  Central  and  S.  Australia  and  the 
Tasmanians,  who  are  now  nearly  extinct,  are  amongst  the  most 
degraded  of  mankind,  and  they  offer  rdany  points  of  difference  from 
the  Papuans.  Remnants  of  a  dark  skinned  and  curly  headed  race 
allied  to  the  present  are  found  in  the  Negritos  of  the  Philippines, 
the  Semaugs  of  Malacca,  and  in  the  Andaman  Islanders.  It  is 
aJso  probable  that  several  of  the  hill  tribes  in  the  provinces  E.  of 
the  Bay  of  Bengal,  and  in  S.  India,  are  so  many  isolated  remnants 
of  this  once  widely  spread  section  of  the  human  species. 

The  fifth  group  of  nations,  the  Ethiojnan,  are  widely  dispersed  : 
they  occupy  all  Afiica  S.  of  the  Great  Desert,  and  a  large  portion 
of  the  Island  of  Madagascar.  The  distinguishing  characters  are,  a 
black  skin,  with  woolly  or  frizzled  hair,^  thick  lips,  projecting  jaws, 

*  Wool  is  peculiar  to  quadruped-s ;  the  hair  of  the  negro  only  resembles 
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high  cheek  hones,  and  lar^e  prominent  eyes.  A  great  variety, 
however,  exists  in  this  jett}^  race  :  some  are  handsome  hoth  in 
featm-es  and  figm-e,  especially  in  Ethiopia :  and  even  in  W,  Africa, 
where  the  Negroes  live,  there  are  trihes  in  wliich  the  distinctive 
characters  are  less  exaggerated.  This  great  family  has  not  yet 
attained  a  high  place  in  civilisation,  though  by  no  means  incapable 
of  cultivation ;  part  of  Ethiopia  appears  to  have  made  considerable 
progress  in  very  ancient  times.  But  the  formidable  deserts,  so 
extensive  in  some  parts  of  the  continent,  and  the  insalubrious 
climate  in  others,  have  cut  ott"  intercourse  with  civilised  nations ; 
and  the  infamous  traffic  in  slaves,  to  the  disgTace  of  Christianity, 
has  rendered  the  inhabitants  of  tropical  Africa  more  barbarous 
than  they  were  before :  while,  on  the  contrary,  the  Eoulahs  and 
other  tribes,  who  were  converts  to  Mohammedanism  400  years  ago, 
possess  now  large  commercial  towns,  cultivated  grounds,  and 
schools. 

The  sixth,  or  American  group,  who  occupy  the  whole  of  the 
new  continent  from  62°  N.  lat.  to  the  Strait  of  Magdlai],  are  almost 
all  of  a  reddish  brown  or  copper  colour,  with  long  black  hair,  black 
eyes,  aquiline  nose,  and  often  of  handsome  slender  forms.  In 
North  America  they  live  by  hunting,  are  averse  to  agriculture,  slow 
in  acquiring  Iniowledge,  but  extremely  acute,  brave,  and  fond  of 
war,  and,  though  revengeful,  are  capable  of  generosity  and  grati- 
tude. Some  tribes  in  Upper  Canada  are  becoming  civilised^  and 
show  a  disposition  to  cultivate  the  earth  when  furnished  with  the 
necessary  implements.  In  South  America  many  are  half  civilised, 
but  a  greater  munber  are  still  in  a  state  of  complete  barbarism! 
In  a  family  so  widely  scattered  great  diversity  of  character 
prevails,  yet  throughsut  the  whole  there  is  a  similarity  of 
manners  and  habits  which  has  resisted  all  the  effects  of  time 
and  chmate. 

Each  of  these  6  principal  varieties  of  the  human  race  consists 
of  numerous  nations  and  sections,  offering  a  large  amount  of  differ- 
ence amongst  themselves ;  and  the  difference  not  only  affects  the 
bodily  structure  and  features,  but  also  mental  characteristics 
language,  and  deeply  rooted  habits.  It  is  sufficient  to  point  out  the 
obvious  differences  in  these  respects  between  the  Celtic  and  Teu- 
tonic nations  of  Europe,  and  between  the  mild,  industrious,  town 
building  red  men  of  northern  Mexico  and  the  wild  Indians  of  the 
plains  the  peculiarities  of  whose  temperament  are  so  ineradicable 
that  they  become  extinct  before  civilisation  acquires  any  influence 

it.  Both  hnir  and  wool  consist  of'a  transparent  tube  or  sheath  containing 
a  white  or  coloured  pith,  but  the  sheath  of  hair  is  smooth,  whilst  that  of 
wool  IS  notched,  which  gives  it  the  felting  property. 
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over  them.  No  less  striking  is  tlie  diflerence  between  the  colossaP 
and  muscular  Patagouiau  and  the  dwarfed  ill  shaped  Fuegian,  his 
near  neighbour ;  and  yet  it  is  incontestable  that  all  these  belong  to 
the  same  race  of  American  red  men.  In  Africa  equaUy  remarkable 
is  the  diflerence  between  the  degi'aded  Bushman-  and  Hottentot 
and  the  active,  warlike  Kaffir,  or  the  Mohammedan  Negroes  of  the 
"W.  Soudan.  It  is  probable,  however,  that  the  intermixtm-e  of 
two  primary  varieties  has  had  much  to  do  with  the  production  of 
some  of  these  varieties.  No  doubt,  people  of  the  Semitic  section  of 
the  Caucasian  variety  have  fi'om  time ,  immemorial  intermingled, 
in  N.  and  E.  Africa,  and  in  the  Valley  of  the  Nile,  with  the  N. 
nations  of  the  Negro  type.  Some  Egyptologists  have  suggested 
that  the  ancient  Egyptians  were  a  mixed  race  formed  of  the  union 
of  Semitic  nations  with  Ethiopians.  The  world-old  custom  of 
domestic  slavery  has  also  had  much  to  do  with  the  mLxtm-e  of 
races;  the  conquerors  interbreeding  with  their  captives.  This 
must  have  prevailed  extensively  in  S.W.  Asia,  and  it  has  also  pro- 
bably caused  an  iuterblending  of  the  Mongol  race  with  various 
nations  of  the  Caucasian  race  in  the  plains  of  Tm-kestan,  from  the 
borders  of  the  Caspian  to  the  Desert  of  Gobi.  From  these  various 
considerations,  it  is  not  surprising  that  it  is  difficult  to  fix  definite 
boundaries  to  the  chief  varieties  of  the  human  race,  or  to  apply 
characters  which  shall  be  peculiar  and  common  to  all  the  sub- 
divisions of  one  and  the  same  variety. 

§  2.  Iiangruage,  its  development,  varieties,  affinities,  &c. 
— Professor  Adelung  has  estimated  that  the  known  languages 
and  dialects  spoken  by  the  himian  race  amoimt  to  between  3,000 
and  4,000,  but  few  are  independent;  some  are  proved  to  be 
varieties  of  one  stock  by  being  connected  by  words  having  the  same 
meaning,  and  by  grammatical  structure ;  indeed,  the  permanency 
of  language  is  so  great  that  neither  ages  of  conquest  nor  mixing 
with  other  nations  have  obhterated  the  native  idiom  of  a  people. 
The  French,  Spanish,  and  German  retain  traces  of  the  common 
language  spoken  before  the  Roman  conquest,  and  the  Celtic  tongue 
stiU  exists  in  the  British  Islands. 

By  a  comparison  of  their  dialects,  nations  far  apart,  and  difiering 
in  every  other  respect,  are  discovered  to  have  sprang  from  a 
common  thoug'h  remote  origin.  Thus  all  tlie  numerous  languages 
spoken  by  the  American  Indians,  or  red  men,  are  similar  in  gram- 
matical structure :  an  intimate  analogy  exists  in  the  languages  of 
the  Esquimaux  nations  who  inhabit  the  Arctic  regions  of  both 
continents.     Dialects  of  one  tongue  are  spoken  throughout  N. 


'  Their  average  hciiiht  is  about  6  ft.,  with  individuals  rather  taller 
than  this. — Darwin,  NaturalisVs  Voyage,  p.  282i 
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Africa,  as  far  S.  as  the  oasis  of  Siwah  on  the  E.,  and  the  Canary 
Islands  on  the  W. .  Another  group  of  cognate  idioms  is  common  to 
the  inhahitants  of  Equatorial  Africa,  while  all  the  S.  part  of  the 
continent  is  inhahited  by  people  whose  languages  are  connected. 
The  monosyllabic  speech  of  the  Chinese  and  Indo-Chinese  shows 
that  they  are  the  same  people ;  and  all  the  insular  nations  of  the 
Pacific  derived  their  dialects  from  some  tribes  on  the  continent  of 
India  and  the  Indian  Archipelago.  Cognate  tongues  are  spoken  by 
the  Tartars,  Mandchus,  Fins,  Laplanders,  many  of  the  Siberian 
tribes,  and  by  the  Himgarians.  The  Syro-Arabian,  or  Semitic 
languages,  as  the  Chaldee,  Arabic,  and  Hebrew,  are  evidently, 
from  their  grammatical  construction,  of  the  same  origin. 

The  Persian,  Greek,  Latin,  German,  and  Celtic  tongues  are 
connected  by  gi-ammatical  structure,  and  words  expressive  of  the 
same  objects  and  feelings,  with  the  Sanscrit,  or  sacred  language  of 
India;  consequently  the  nations  inhabiting  that  vast  extent  of 
country  from  the  mouth  of  the  Ganges  to  the  British  Isles,  the 
coast  of  Scandinavia  and  Iceland,  are  concluded  to  have  had  the 
same  origin.  The  original  stock  of  this  most  highly  endowed 
family  of  nations  is  now,  by  common  consent,  termed  Aryans, 
and  their  original  seat  is  considered  to  have  been  among  the  hio-h 
lands  about  the  head  waters  of  the  Oxus. 

Notwithstanding  the  number  of  allied  tongues,  all  attempts  to 
trace  them  to  a  common  origin  have  failed,  which  evidently  proves 
that  each  race  formed  its  own.  The  formation  of  languao-e  is 
adduced  by  Mr.  Crawfurd  as  one  of  the  many  facts  which  attest 
the  high  antiquity  of  man.  '  Language  is  not  innate,  but  adven- 
titious ;  a  mere  acquirement,  having  its  origin  in  the  superiority  of 
the  human  understanding,  like  any  other  acqiusition  derived  from 
the  same  source.  Infanta  are  without  language  ;  they  graduallv 
acquire  it  as  they  improve  in  intelligence.  Children  learn  any 
language  with  equal  facility  ;  they  can  forget  their  mother  tongue 
and  learn  another.  Among  the  unquestionable  proofs  that  language 
is  not  innate  is  the  prodigious  number  of  languages  which  exist, 
some  with  a  very  narrow  range  of  articulate  sounds,  others  with  a 
very  wide  one  ;  some  words  confined  to  single  syllables,  and  others 
having  many ;  some  being  of  very  simple  and  others  of  a  very 
complicated  structure.'  Thus,  language  combines  with  geology  in 
bearing  testimony  to  the  vast  antiquity  of  the  human  race.  That 
man  has  existed  on  earth  immeasurably  anterior  to  historical  record 
there  can  be  little  doubt,  since  no  absolute  date  can  be  assigned  for 
the  antiquity  of  the  historical  period  prior,  for  instance,  to  the 
establishment  in  the  vaUey  of  the  Nile  of  a  nation  so  highly 
advanced  in  civilisation  as  the  ancient  Egyptians.  It  is  obvious 
that  innumerable  centuries  are  required  for  the  slow,  spontaneous 


494 


PHYSICAL  GEOGRAPHY.        Chap.  XXXVI. 


growth  of  civilisations  like  that  of  the  Pharaohs.  Moreover,  the 
discovery  of  implements  of  bone  and  flint  in  eaverns  under  con- 
ditions which  show  that  a  race  existed  in  W.  Europe  at  that 
i-emote  epoch  when  an  Arctic  climate  reigned  in  Central  France,  and 
the  reindeer  ahounded,  places  the  great  antiquity  of  our  race 
beyond  a  doubt.  JSfor  was  this  the  earliest  date  of  man's  existence, 
for  flint  implements  have  been  found  embedded  in  drift  beds  which 
were  deposited  at  an  early  epoch,  as  is  indicated  by  the  facts  that 
the  rivers  of  N.  France  have  since  worn  down  their  valleys  200  ft., 
and  the  Solent  has  gradually  worn  through  its  passage  between 
the  Isle  of  Wight  and  Hampshire. 

§  3.  European  nations. — The  prevailing  races  of  mankind  now 
inhabiting  Europe  are  the  Teutonic,  Celtic,  and  Sclavonian.  In 
the  greater  part  of  the  continent  these  races  are  mixed,  but  the 
blood  is  purely  Teutonic  throughout  Iceland,  Scandinavia,  round 
the  Gulf  of  Botlmia,  in  Denmark,  Germany,  and  the  E.  of  England 
from  Portsmouth  to  the  Tyne.  Pure  Celtic  blood  is  confined  to 
the  Basque  provinces  in  Spain,  the  S.  and  S.W.  of  France,  a  part 
of  the  Grisons  in  Switzerland,  and  the  W.  parts  of  the  British 
Islands.  The  Sclavonian  blood  is  widely  dispersed  in  middle 
Russia,  from  the  Ural  Mountains  to  the  W.  of  the  Valdai  table- 
land, and  from  Novogorod  to  the  countries  bordering  on  the  lower 
course  of  the  Don.  The  3  races  have  been  much  improved  by 
mixture,  in  appearance,  energy,  and  versatility  of  mind. 

At  present  the  Teutonic  race,  including  the  inhabitants  of  North 
America  and  the  British  colonies,  considerably  outnumbers  the 
Celtic,  though  far  inferior  in  ancient  times.  The  Teutonic  variety 
has  subdued  and  even  exterminated  the  other  varieties  in  its 
progress  towards  the  W. ;  it  is  undoubtedly  the  most  vigorous, 
both  in  body  and  mind,  of  all  mankind,  and  seems  destined  to 
conquer  and  civilise  the  whole  world.  It  is  a  singular  fact,  what- 
ever the  cause  may  be,  that  the  Celts  are  invariably  Roman 
Catholic,  while  the  Teutonic  population  is  inclined  to  Protestant- 
ism, which  consequently  will  go  on  increasing  in  its  spread  over 
the  world  with  the  intellectual  race  that  professes  it. 

Various  other  races  inhabit  Europe,  inferior  in  numbers  to  those 
above  mentioned,  though  occasionally  mixed  with  them,  as  the 
Tm'ks,  Fins,  the  Samojedes,  who  live  on  the  shores  of  the  White 
Sea  and  in  the  N.E.  of  Russia,  and  the  Hungarians,  the  higher  class 
of  whom  are  a  fine  race  of  men,  and  on  a  par  with  the  most 
civilised  of  the  Em-opean  nations.^    There  are  many  mixed  Tartar 

'  To  explain  which  we  must  bear  in  mind  that  Europe  had  been  in- 
habited before  the  arrival  of  the  Asiatic  tribes,  consequently  some  of  the 
inhabitants  of  the  more  remote  regions  are  probably  the  aborigines  of  the 
country. 
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tribes,  chiefly  in  the  S.  and  E.  of  the  Russian  territories  ;  also  Jews 
and  Gipsies,  who  live  among  all  nations,  yet  mix  little  with  any.^ 

The  inhabitants  of  Great  Britain  are  of  Celtic  and  Teutonic 
origin.  The  Celtic  blood  is  purest  in  Cornwall  and  the  Scilly 
Islands,  in  Wales,  and  the  Isle  of  Man:  in  the  highlands  of 
Scotland  and  the  Hebrides  it  is  more  mixed  than  is  generally 
supposed,  as  plainly  appears  from  the  frequency  of  red  hair  and 
blue  eyes.  In  some  parts  of  Ireland  there  is  pure  Celtic  blood,  but 
throughout  the  greater  part  of  that  country  it  is  mixed,  although 
the  Celtic  character  predominates;  but  in  Ulster,  where  the 
earliest  colony  settled,  the  blood  is  Teutonic.  In  Ireland  the  dif- 
ference in  the  organisation  of  the  two  races  is  strongly  marked : 
placed  under  the  same  circumstances  the  Teutonic  part  of  the 
popidation  has  prospered  which,  unfortunately,  has  not  been  the 
case,  to  the  same  extent,  with  the  Celtic. 

The  dialects  spoken  in  the  Celtic  districts  are  closely  allied  to 
the  Semitic  languages  of  Asia,  and  to  one  another.  The  Cornish 
is  worn  out,  the  Manx  is  nearly  so,  and  the  Gaelic  is  declining  fast 
in  the  Hebrides  and  highlands  of  Scotland.  ° 

The  races  of  mankind  are  equally  distinguished  from  one 
another  by  their  religious  dpinions.  Europe  is  Christian  ;  Catho- 
licism is  the  faith  in  the  S.W.  ;  and  it  has  been  observed  that, 
wherever  the  spoken  language  is  derived  from  that  of  ancient 
Rome,  the  creed  of  modern  Rome  prevails.  In  the  E.  of  Em-ope 
the  Sclavonians  are  of  the  Greek  Church,  and  in  N.  and  Central 
Em-ope  the  people  are  Protestant.  From  the  Atlantic  along  the 
N.  coast  of  Africa,  and  from  Turkey  in  Europe  through  p'ersia 
to  India,  the  inhabitants  are  for  the  most  part  Mohammedans  • 
Brahminism,  Buddhism,  and  other  forms  of  idolatry  prevail  thi-ough 
the  rest  of  the  Asiatic  continent. 

In  the  Central  States  and  the  British  provinces  of  'North 
America,  the  great  proportion  of  the  population  is  Protestant; 
Mexico  and  a  large  portion  of  South  America  are  nominally 
Catholic;  and  the  rest  of  the  southern  continent,  with  a  few 
exceptions,  is  in  the  lowest  state  of  barbarism. 

§  4.  Diversities  of  Form  and  Colour  in  the  Human 
Race.— Ethnologists  are  not  at  present  in  accord  reo-arding  the 
origin  of  the  varieties  of  the  human  race.  A  desultory  discussion 
has  been  can-ied  on  for  many  years  on  the  question  whether  man 


1  European  Population. 

Pure  blood,  about      ....  i  7a  snri  r^r^a 

Mi.e.,b,..d,„  Europe  SSi^S 

Total  population  of  Europe,  pure  and  mixed  .  309^78^ 
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iiad  one  only,  or  many  origins ;  or,  as  it  is  generally  put  whether 
thei'B  are  one  or  many  species  of  the  genus  homo.  In  the  absence 
of  any  definition  of  the  term  '  species,'  and  of  explanation  of  what  \a 
understood  by  '  origin,'  such  discussions  can  bear  but  little  fruit, 
and  in  fact  they  are  injurious  to  the  best  interests  of  science,  as 
diverting  the  attention  from  the  investigation  of  the  causes  which 
have  produced  the  differences  between  nations  and  races.  No 
problems  in  biological  science  seem  farther  from  solution  than  the 
causes  of  the  diversity  in  form,  colour,  mental  disposition,  and  so 
forth,  of  mankind.  Many  instances  have  occurred  in  modem 
times  of  albinos  and  red  haired  children  having  been  born  of  black 
parents,  and  these  have  transmitted  their  peculiarities  to  their 
descendants  for  several  generations  ;  but  it  is  extremely  doubtful 
whether  pure  blooded  white  parents  have  produced  a  black  off- 
spring. The  varieties  are  much  more  likely  to  have  arisen  from  the 
effects  of  climate,  food,  customs,  and  civilisation  upon  migi-atory 
groups  of  mankind ;  and  of  such,  a  few  instances  have  occm*red  in 
historical  times,  limited,  however,  to  small  numbers  and  parti- 
cular spots ;  but  the  great  mass  of  nations  had  received  then- 
distinctive  characters  at  a  very  early  period,  for  there  is  no  in- 
stance on  record  of  a  new  variety  having  been  established  as  a 
nation. 

Other  causes  than  the  sim  must  have  been  combined  to  occasion 
all  the  varieties  we  now  see,  otherwise  every  nation  between  the 
tropics  would  be  of  the  same  hue,  whereas  the  sooty  negro  inhabits 
equatorial  Africa,  the  red  man  equinoctial  America,  and  both  are 
mixed  with  fairer  tribes.  In  Asia,  the  Rohillas,  a  fair  race  of 
Affghan  extraction,  inhabit  the  plains  N.  of  the  Ganges;  the 
Bengalee  and  the  mountaineers  of  Nepal  are  dark,  and  the 
Mahrattas  are  yellow.  The  complexion  of  man  varies  also  with 
height  above  the  sea  and  the  latitude  of  the  region  he  lives  in ; 
some  of  the  inhabitants  of  the  Himalayas  and  Hindu  Kush  are 
fair,  and  even  a  red  hah*ed  race  is  found  on  the  latter.  There  are 
fair  haired  people  with  blue  eyes  in  the  Ruddhua  Mountains  in 
Africa.  The  Kabyles,  that  inhabit  the  country  behind  Tunis  and 
Algiers,  are  similar  in  complexion  to  the  nations  in  N.  lati- 
tudes. This  correspondence,  however,  holds  good  only  with 
regard  to  the  N.  hemisphere,  for  it  is  a  well  known  fact  that 
the  varieties  of  the  numerous  species  in  the  S.  continents  are 
much  more  similar  in  physical  characters  to  the  native  races  of 
the  torrid  zone  than  any  of  the  aboriginal  people  of  the  N. 
reoions.  Even  supposing  that  diversity  of  colour  is  owing  to  the 
sun's  rays  only,  it  is  scarcely  possible  to  attribute  to  them  the 
thick  lips,  the  woolly  hair,  and  the  difference  of  form,  extending 
even  to  the  bones  and  the  skull. 
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§  o.  Flexibility  of  the  Human  Constitution  favourable 
to  the  Diflfusion  of  Man — The  flexibility  of  man's  constitution 
enables  him  to  live  in  every  climate,  from  the  equator  -  to  the  ever- 
frozen  coasts  of  Novaia  Zemlia  and  Spitzbergen,  and  that  chiefly  by 
his  capabihty  of  bearing  the  most  extreme  changes  of  temperature 
and  diet,  which  are  probably  the  principal  causes  of  the  variety  in 
his  form.    It  has  already  been  mentioned  that  chemical  action  is 
the  cause  of  vital  force  and  heat  in  man  and  animals.   The  quantity 
of  food  must  be  in  proportion  to  the  quantity  of  oxygen  inhaled, 
otherwise  disease  and  lose  of  strength  would"  be  the  consequence. 
Since  cold  air  is  incessantly  carrying  off  warmth  from  the  skin, 
more  exercise  is  requisite  in  winter  than  in  the  summer,  in  cold 
climates  than  in  warm ;  consequently  more  carbon  is  necessary  in 
the  former  than  in  the  latter,  in  ordfer  to  maintain  the  chemical 
action  that  generates  heat  and' to  ward  off  the -destructive  effects  of 
the  oxygen,  which  is  incessantly  at  work  in  consuming  the  body. 
Animal  food,  wine,  and  spirits  contain  more  carbon  than  fruit  and 
vegetables,  therefore  they  are  much  more  necessary  in  a  cold  than 
m  a  hot  climate.    The  Esquimaux,  who  lives  by  the  chase  and 
eats  10  or  12  pounds  of  meat  and  fat  in  24  houi-s,  finds  it  not 
more  than  enough  to  keep  up  his  strength  and  animal  heat,  while 
the  indolent  inhabitant  of  Bengal  is  sufiiciently  supplied  with  both 
by  his  rice  diet.    Clothing  and  warmth  render  the  necessity  for 
exercise  and  food  much  less  by,  diminishing  the  waste  of  animal 
heat.  _  Hunger  and  cold  united  soon  consume  the  body,  because  it 
loses  Its  power  of  resisting  the  action  of  the  oxygen,  which  con- 
sumes part  of  our  substance  when  food  is  wanting.    Hence  nations 
mhabitmg  warm  climates  have  no  great  merit  in  being  abstemious, 
nor  can  those  be  considered  guilty  of  committing  an  excess  who 
live  more  freely  m  colder  countries.    The  arrangement  of  Divine 
Wisdom  IS  to  be  admired  in  this  as  in  all  other  things,  for,  if  man 
had  only  been  capable  of  living  on  vegetable  food,  he  never  could 
have  had  a  permanent  residence  beyond  the  latitude  where  corn 
ripens      The  Esqmmanx  and  all  the  inhabitants  of  very  high 
Mitudes  of  both  contments  live  entirely  on  fish  and  animal  food. 
W  hat  eftec  s  the  difference  of  food  may  have  upon  the  intellect  it 
IS  difhcult  to  determine. 

A  nation  or  tribe  driven  by  war  or  any  other  cause  from  a  warm 
to  a  cold  country,  or  the  contrary,  would  be  forced  to  change  their 
tood  both  m  quality  and  quantity,  which  in  the  lapse  of  ages  mio-ht 
produce  an  alteration  in  the  external  form  and  internal  structure 
The  probability  is  still  greater  if  the  entire  change  that  a  few  years 
produce  in  the  matter  of  which  the  human  frame,  is  composed  be 
considered.  At  every  instant  during  life,  With  every  motion 
voluntary  and  involuntary,  with  every  thought  and  eyeiy  exercise' 
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of  the  brain,  a  portion  of  our  substance  becomes  dead,  separates 
from  the  living  part,  combines  with  some  of  the  inhaled  oxygen, 
and  is  removed.  By  this  process  it  is  supposed  that  the  whole 
body  is  renewed  every  seven  years.  Every  change  of  food,  climate, 
and  mental  excitement  must  have  its  influence  on  the  reproduction 
of  the  mortal  frame :  and  thus  a  thousand  causes  may  co-operate 
to  alter  whole  races  of  mankind  placed  under  new  circumstances, 
time  being  granted. 

The  diflFerence  between  the  effects  of  manual  labour  and  the 
efforts  of  the  brain  appears  in  the  intellectual  countenance  of  the 
educated  man,  compared  with  that  of  the  peasant,  though  even  he 
is  occasionally  stamped  with  nature's  own  nobility.  The  most 
savage  people  are  also  the  ugliest.  Their  countenance  is  deformed 
by  violent -unsubdued  passions,  anxiety,  and  suffering.  Deep  sensi- 
bility gives  a  beautiful  and  varied  expression,  but  every  strong 
emotion  is  unfavourable  to  perfect  regularity  of  feature  ;  and  of 
that  the  Greeks  were  well  aware  when  they  gave  that  calmness  of 
expression  and  repose  to  their  unrivalled  sculpture.  The  refining 
effects  of  high  culture,  by  subduing  the  evil  passions  and 
encouraging  the  good,  are  more  than  anything  calculated  to  im- 
prove even  the  external  appearance.  The  countenance,  though 
perhaps  of  less  regular  form,  becomes  expressive  of  the  amiable  and 
benevolent  feelings  of  the  heart,  the  most  captivating  and  lasting 
of  all  beauty.^ 

Thus  an  infinite  assemblage  of  causes  may  be  assigned  as 
having  produced  the  endless  varieties  in  the  human  race  :  the  fact 
remains  an  inscrutable  mystery,  the  more  so  as  the  permanency  of 
type  is  one  of  the  most  striking  circumstances,  and  ^proves  the 
length  of  tkne  necessary  to  produce  a  change  in  natural  structure 
and  colour.  The  national  appearance  of  the  Ethiopians,  Persians, 
and  Jews,  has  not  varied  for  more  than  3000  years,  as  appears 
from  the  ancient  Egyptian  paintings  in  the  tomb  of  Rhamses  the 
Great,  discovered  at  Thebes  by  Belzoni,  in  which  the  countenances 
©f  the  modern  Ethiopian  and  Persian  can  be  readily  recognised, 
and  the  Jewishi  features  and  colour  are  identical  with  those  of  the 
Israelites  daily  met  with  in  the  streets  of  London.  The  unaltered 
state  of  the  two  former  may  perhaps  he  attributed  to  the  unchanged 
eircumstances  and  climate  in  which  they  have  lived  ;  not  so  with 

1  The  countenances  of  the  Fuegians  brought  to  England  in  1830  by 
Captain  Fitzroy  improved  greatly  in  expression  by  their  intcrcour.-e  with 
civilised  men,  but  they  had  not  returned  to  their  savage  brethren  more 
than  a  year  before  their  whole  appearance  was  completely  changed;  the 
look  of  intelligence  they  had  acquired  was  gone  ;  and  when  compared  w.  h 
likenesses  that  had  been  taken  of  them  when  in  England,  they  were  not  to 
be  recognised  as  the  same  persons. 
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regard  to  the  Jews,  who,  though  they  have  become  fair  in  some 
parts  of  Em-ope,  retain  a  permanency  of  type  not  to  be  mistaken. 

§  6,  Centres  of  Civilisation. — It  is  supposed  that  the  seats 
of  the  earliest  discernible  civilisations  were  the  mountainous  parts 
of  the  continents,  whence  the  divers  tribes  descended  and  diffused 
themselves  gradually,  as  geological  causes  permitted  the  low  lands 
to  be  habitable,  so  that  the  diffusion  became  an  index  of  geological 
changes. 

Animals  and  vegetables,  being  the  sources  of  man's  sustenance, 
have  had  the  chief  influence  on  his  destiny  and  location,  and  have 
mduced  him  to  settle  in  those  parts  of  the  world  where  he  could 
procm-e  them  in  greatest  abundance.    Wherever  the  chase  or  the 
spontaneous  productions  of  the  earth  supply  him  with  food,  he  is 
completely  savage,  and  only  a  degree  further  advanced  where  he 
plants  the  palm  and  the  banana;  where  grain  is  the  principal 
food,  industry  and  intelligence  are  most  perfectly  developed,  as  in 
the  temperate  zone.     On  that  account  the  centres  of  civilisation 
have  generally  been  determined,  not  by  a  hot,  but  by  a  genial 
climate,  fei-tile  soil,  by  the  vicinity  of  the  sea  coast  or  great  rivers, 
affording  the  means  of  fishing  and  transport,  which  last  has  been 
one  of  the  chief  causes  of  the  superiority  of  Europe  and  S 
Asia.    The  mineral  treasures  of  the  earth  have  been  the  means  of 
assembling  large  masses  of  men  in  Siberia,  on  the  table-land  of  the 
Andes,_m  California,  Australia,  and  British  Oohunbia,  and  have 
given  nse  to  many  large  cities  both  in  the  Old  and  the  New  World 
Nations  inhabiting  high  ungenial  latitudes  have  often  been  driven 
there  by  war,  or  obliged  to  wander  from  countries  where  the 
population  exceeded  the  means  of  existence-a  cause  of  migration 
to  which  both  language  and  tradition  bear  testimony.    The  belief 
in  a  future  state,  so  universal,  shown  by  respect  for  the  dead  has 
no  doubt  been  transmitted  from  nation  to  nation.    The  American 
to  fhf;  ^  l^^^nting  grounds,  still  make  pilgrimages 

to  the  tombs  of  their  fathers;  and  these  tribes  alonef of  aH  L 

:ud  r"  11^  '^^^  -      ^-^^^  C.od 

It  is  probable  that  America  was  peopled  from  Asia  before  the 
separation  of  the  continents  by  Behring  Jtrait,  or  at  any  Lt  t 

Tvtir^r  '  Z^"^  i'^™"''  '^''''^  ^^titude  than  now 

prevails  there    Probably  a  race  of  mankind  had  migrated  from 

thTre  l       "'7  ^''"'^        ^"^^^^^  ^'^^""^^        farmed:  and 
there  18  reason  to  suppose  that  the  location  of  various  races  of 
mankma  now  insulated,  may  have  taken  place  before  the  separa 
tion  0  the  lands  by  mediterranean  seas ;  whilst  others,  previou  Iv 
insulated,  may  be  now  united  by  the  dryin<r  up  of  inland  IT  ' 
those  which  covered  the  SahaL  BeL^Jt:^  ZC 
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round  tlie  Caspian  Sea,  of  which  it  and  the  Black  Sea  are  the 
remnants.  It  was  prohably  at  that  period  that  N.  Africa  was 
peopled  by  tribes  which  descended  from  the  high  lands  of  Seue- 
gambia  and  Abyssinia. 

From  the  earliest  period  of  the  peopling  of  the  earth  by  man, 
a  never  ceasing  process  of  migration  has  in  all  probability  been 
going  on.  In  Europe  we  may  dimly  see  by  the  light  of  history  and 
the  signs  of  earlier  races  revealed  by  buried  bones,  weapons,  and 
implements,  that  wave  after  wave  of  population  has  spread  over 
the  land ;  the  earlier  races  being  either  exterminated,  driven  into 
remote  corners  of  the  continent,  or  amalgamated  with  the  new 
comers.  This,  it  is  fair  to  assume,  has  been  the  case  over  the 
whole  earth.  The  successive  re-peoplings  of  countries  and  conti- 
nents cannot  have  been  etfected  without  prolonged  life  and  death 
sti'uggles,  resulting  in  the  victory  of  the  more  vigorous  and  iutelli- 
gent°race,  and  thus  a  population  of  higher  mark  than  the  preceding 
one  has,  time  after  time,  overspread  the  land.  How  the  new 
invaders  have  acquired  their  superior  qualities,  corporeal  and 
mental,  is  a  subject  for  the  investigation  of  ethnologists  and 
philosophers.  It  is  probable  they  have  slowly  grown  in  limited 
districts,  under  the  influence  of  favourable  local  conditions,  and 
possibly 'of  some  few  able  men  happily  born  among  them.  An 
active  spirit  or  a  population  outgrowing  the  means  of  subsistence 
are  the  incentives  to  migration  and  conquest;  the  improved  race 
is  thus  widely  spread,  and  fresh  and  improved  developments 
ao-ain  take  place  in  limited  portions  of  the  newly  peopled  area. 
°  M.  Bone  has  observed  that  mountain  chains  rimmng  nearly  E. 
and  W  establish  much  more  striking  differences  among  nations 
than  those  which  extend  from  N.  to  S.— a  circumstance  confirmed 
by  observation  through  the  history  of  mankind.  The  Scandinavian 
Alps  have  not  prevented  the  countries  on  both  sides  from  being 
occupied  by  people  of  a  common  descent ;  while  the  feeble  barrier 
of  the  Cheviot  Hills,  between  England  and  Scotland,  and  the 
moderate  elevation  of  the  Highland  mountains,  have  prevented 
the  amalgamation  of  the  Anglo  Saxons  and  the  Celts,  even  in  a 
neriod  of  hi-h  civilisation.  The  Franks  and  Belgians  are  distinct, 
though  separated  by  hills  of  still  less  elevation  For  the  same 
reason  the  Spaniards  and  Italians  differ  far  more  from  their  neigh- 
bours on  the  other  side  of  the  eastern  and  western  chains  than  the 
Spaniards  do  from  the  Portuguese,  or  the  Piedniontese  from  the 
Provencals.  A  similar  distinction  prevails  throughout  Asia  ;  and 
in  America,  where  all  the  principal  chains  run  N.  and  S.  there  is 
but  one  copper  coloured  race  throughout  the  continent,  which 
stretches  over  more  climates  than  Europe  or  Africa  or  oven  than 
Asia  and  Australia  united.    It  is  in  general  along  chains  rumiing 
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N.  and  S.  that  the  fusion  of  language  takes  place,  and  not  along 
those  of  an  E.  and  W.  direction.  From  Poland,  for  instance, 
there  are  intermediate  insensible  gradations  through  Germany  into 
France ;  while  in  crossing  from  a  German  district  of  the  Alps  to 
the  valleys  of  Italy,  different  tribes  and  different  languages  are 
separated  by  a  single  moimtain.  Even  wars  and  conquest  have 
ever  been  more  easy  in  one  direction  than  in  the  other.  The  dif- 
ference in  the  faima  and  iiora  on  the  two  sides  of  the  great  table- 
lands and  mountains  of  Asia  is  a  sti-iking  illustration  of  the  influence 
which  high  lands  running  E.  and  W.  have  on  natural  productions, 
and  thus,  both  directly  and  indirectly,  they  afiTect  the  distribution 
of  mankind. 

The  circumstances  which  thus  determine  the  location  of  nations, 
and  the  fusion  or  separation  of  their  languages,  must,  conjointly 
with  moral  causes,  operate  powerfully  on  their  character.  The 
minds  of  mankind,  as  well  as  their  fate,  are  influenced  by  the  soil 
on  which  they  are  born  and  bred.  The  natives  of  elevated  countries 
are  attached  to  their  moimtains ;  the  Dutch  are  as  much  attached 
to  their  meadows  and  canals  ;  and  the  savage,  acquainted  only  with 
the  discomforts  of  life,  is  unhappy  when  brought  amongst  civilised 
man.  Early  associations  never  entirely  leave  us,  however  much 
our  position  in  life  may  alter ;  and  strong  attachments  are  formed 
to  places  which  generate  in  us  habits  diifering  from  those  of  other 
countries. 

§  7.  Influences  of  outward  circumstances  on  TfH&n,  and 
IVXan's  influence  on  Nature. — The  Baltic  and  Mediterranean 
Seas  have  had  no  inconsiderable  share  in  civilising  Europe ;  one 
combined  with  a  cold  and  gloomy  climate,  the  other  with  a  warm 
and  glowing  sky,  have  developed  dissimilar  characters  in  the  tem- 
perament and  habits  of  the  surrounding  nations,  originally  dis- 
similar in  race.  The  charms  of  climate  and  the  ease  with  which 
the  necessaries  of  life  are  procured  were  favoiirable  to  the  develop- 
ment of  imagination  in  the  more  S.  nations,  and  to  an  indolent 
enjoyment  of  their  advantages.  In  the  N.,  on  the  contrary,  the 
task  imposed  upon  man  was  harder,  and  perhaps  more  favourable 
to  strength  of  character.  The  Dutch  owe  their  industry  and  per- 
severance to  their  unceasing  struggle  against  the  encroachments  of 
the  ocean ;  the  British  are  indebted  to  their  insular  position  for 
their  maritime  character,  and  to  the  small  extent  of  their  country  and 
the  richness  of  their  mines  for  their  manufacturing  and  colonising 
habits ;  the  military  propensities  of  the  French  are  owing  to  the 
necessity  of  maintaining  their  independence  among  the  surrounding 
nations,  as  well  as  to  ambition  and  the  love  of  fame.  Thus  ex- 
ternal circumstances  materially  modify  the  character  of  nations, 
but  the  original  propensities  of  race  are  never  eradicated. 
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The  power  of  external  circumstances  over  man  is  not  greater 
than  his  influence  on  the  material  world.  He  cannot  create  power, 
it  13  true,  but  he  dextei'ously  avails  himself  of  the  powers  of  nature 
to  subdue  natiu-e.  Air,  fire,  water,  steam,  gravitation,  electricity, 
his  own  muscular  strength,  and  that  of  animals  rendered  obedient 
to  his  will,  are  the  instruments  by  which  he  has  converted  the  desert 
into  a  garden,  drained  marshes,  cut  canals,  made  roads,  turned  the 
courses  of  rivers,  opened  communications,  cleared  away  forests  in 
one  country,  planted  them  in  another,  and  'compelled  the  dread 
lightning  to  bear  his  messages  through  the  air,  the  earth,  and  even 
the  deep  waters.  By  these  operations  he  has  altered  the  climate, 
changed  the  course  of  local  winds,  increased  or  diminished  the 
quantity  of  rain,  and  softened  the  rigoiu-  of  the  seasons.  In  the 
time  of  Strabo  the  cold  in  France  was  so  intense  that  it  was 
thought  impossible  to  ripen  grapes  N.  of  the  mountains  of  the 
Oevennes  :  the  Khine  and  the  Danube  were  every  winter  covered 
with  ice  thick  enough  to  bear  any  weight.  Man's  influence  on 
vegetation  has  been  immense,  and  it  is  chiefly  thi-ough  his  tendency 
to  cut  down  forest  trees,  the  natural  clothing  of  the  land,  that  he 
has  produced  the  greatest  amoimt  of  change  on  the  surface  of  the 
earth.  Forests  in  warm  climates  are  essential  to  the  fertility  of  a 
country.  They  act  as  a  regulator  of  the  annual  rainfall,  by  pre- 
venting too  rapid  evaporation  from  the  soil,  and  creating  a  stratum 
of  cooler  atmosphere  above  it ;  the  eflect  of  these  functions  being 
that  the  amount  of  rain  falling  is  moderated  and  spread  over  a 
greater  nuaiber  of  days.  In  warm  countries  like  Australia,  Arabia, 
some  parts  of  S.  Eiu-ope,  and  India,  districts  which  have  no 
clothing  of  trees,  or  have  been  deprived  of  it  by  the  hand  of  man, 
the  rainfall  descends  in  sudden  delugps  and  the  dry  seasons  are 
excessively  prolonged.  Thus  the  violent  rain  wash  prevents  the 
accmmilatiou  of  humus  or  fertile  soil,  and  the  surface  of  tlie  earth 
is  scorched  to  sterility  by  months  of  fierce  sun.  In  the  S.  of  France 
the  deterioration  of  climate  by  felling  the  timber  on  the  hiU  slopes 
has  been  distinctly  observed  during  the  past  century,  and  legisla- 
tive enactments  have  been  foimd  necessary  to  protect  what  remains 
and  restore  what  has  been  lost.^  It  is  probable  that  whole 
coimti'ies  in  Asia  Minor,  Syria,  Mesopotamia,  and  N.  Africa, 
would  have  had  another  destiny  since  clapsic  times,  had  a  more 
intelligent  practice  been  followed  regarding  the  forests  which  they 
once  formerly  possessed.  Man  has  adapted  many  natural  products 
to  his  wants,  and  made  them  the  instruments  of  his  advancement. 
The  olive,  the  vine,  and  the  fig  tree  have  been  cidtivated  time 
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immemorial;  wheat,  rice,  and  tariey  have  been  so  long  in  an 
artificial  state  that  theii-  origin  is  unknown ;  even  maize,  which  is 
an  American  plant,  was  in  use  among  the  ti'ibes  of  that  continent 
before  the  Spanish  conquest ;  and  tobacco  was  already  used  by 
them  to  allay  the  pangs  of  hunger,  to  which  those  who  depend 
upon  the  chase  for  food  must  be  exposed.  Most  of  the  ordinaiy 
culinary  vegetables  have  been  known  for  ages,  and  it  is  remarkable 
that  in  these  days,  when  our  gardens  are  adorned  with  innumerable 
native  plants  in  a  cultivated  state,  iew  new  grains,  vegetables,  or 
fruits,  have  been  reclaimed  ;  the  old  have  been  produced  in  infinite 
variety,  and  many  new  brought  from  foreign  comitries. 

§  8.  Domestication  of  Animals,  &.c. — Animals  yield  more 
readily  to  man's  influence  than  vegetables,  and  certain  classes  have 
greater  flexibility  of  disposition  and  structm-e  than  others.  Those 
only  are  capable  of  being  perfectly  reclaimed  that  have  a  natural 
tendency  for  it,  without  which  man's  endeavours  would  be  im- 
availing.  This  predisposition  is  greatest  in  animals  which  are 
gregarious  and  follow  a  leader,  as  elephants,  dogs,  horses,  and 
cattle  do  in  their  wild  state  ;  yet  even  among  these  some  species 
are  refractory,  as  tlie  buffalo,  which  can  only  be  regarded  as  half 
reclaimed.  The  canine  tribe,  on  the  contrary,  are  capable  of  the 
greatest  attachment :  not  the  dog  only,  man's  faithful  companion, 
but  even  the  wolf  and  the  hysena,  generally  so  ferocious.  After 
an  absence  of  many  months,  a  hysena,  which  had  been  the  fellow- 
passenger  of  a  friend  of  the  author  in  a  voyage  from  India,  recog- 
nised his  voice  before  he  came  in  sight,  and  on  seeing  him  showed 
the  greatest  joy,  lay  down  like  a  dog,  and  licked  his  hands.  He 
had  been  kind  to  it  on  the  voyage,  and  no  animal  forgets  kindness, 
which  is  the  surest  way  of  reclaiming  them.  There  cannot  be  a, 
greater  mistake  than  the  harsh  and  cruel  means  by  which  dogs  and 
horses  are  too  commonly  trained  ;  but  it  is  long  before  man  learns 
that  his  power  is  mental,  and  that  it  is  intellect  alone  that  has 
given  him  dominion  over  the  earth  and  its  inhabitants,  of  which  so 
many  far  sm-pass  him  in  physical  strength.  The  useful  animals 
were  reclaimed  by  the  early  inhabitants  of  Asia,  and  it  is  very 
remarkable,  notwithstanding  the  enterprise  and  activity  of  the 
present  tioies,  that  among  tlie  multitude  of  animals  that  inhabit 
America,  Central  and  S.  Africa,  Australia,  and  the  Indian 
Archipelago,  four  only  have  been  domesticated,  yet  many  may  be 
capable  of  becoming  useful  to  man.  Of  35  species  of  which  we 
possess  one  or  more  domestic  races,  31  are  natives  of  Asia,  Europe, 
and  N.  Africa  ;  these  countries  are  far  from  being  exhausted,  and 
an  entire  hemisphere  is  yet  but  very  partially  explored.  An 
attempt  has  been  made  to  domesticate  the  llama,  the  dziggetai, 
zebra,  and  some  species  of  Indian  deer,  but  the  success  is  very 
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problematical.  Little  lias  been  left  for  modern  nations  but  the 
improvement  of  the  species,  and  in  that  they  have  been  very 
successful.  The  variety  of  horses,  dogs,  cattle,  and  sheep,  is  beyond 
number.  The  form,  colom-,  and  even  the  disposition,  may  be 
materially  altered,  and  the  habits  engrafted  are  transmitted  to 
the  offspring,  as  instinctive  properties  independent  of  education. 
Domestic  fowls  go  in  flocks  on  their  native  meads  when  wild. 
There  are,  however,  instances  of  solitary  birds  being  tamed  to  an 
extraordinary  degree,  as  tbe  raven,  one  of  the  most  sagacious. 

Man's  necessities  and  enjoyments  have  been  the  cause  of  great 
changes  in  the  animal  creation,  and  his  destructive  propensity  of 
still  greater.  A  farmer  sees  the  rooks  pecking  a  little  of  his  grain, 
or  digging  at  the  roots  of  the  springing  corn,  and  poisons  all  in  his 
neighbourhood.  A  few  years  after  he  is  surprised  to  find  his  crop 
destroyed  by  grubs.  The  woi-ks  of  the  Creation  are  nicely  balanced, 
and  man  cannot  infringe  the  laws  of  equilibrium  with  impunity. 
Insects  would  become  torments  were  they  not  kept  in  check  by 
birds.  Animals  soon  acquire  a  dread  of  man,  which  becomes  in- 
stinctive and  bereditary :  in  newly  discovered  uninhabited  countries 
birds  and  beasts  are  so  tame  as  to  allow  themselves  to  be  caught ; 
whales  scarcely  got  out  of  the  way  of  the  ships  that  first  navigated 
the  Arctic  Ocean,  but  now  they  universally  have  a  dread  of  the 
common  enemy :  whales  and  seals  have  been  extirpated  in  various 
.places :  sea  fowl  and  birds  of  passage  are  not  likely  to  be  extin- 
guished, but  many  land  animals  and  birds  are  disappearing  before 
the  advance  of  civilisation.  Drainage,  cultivation,  cutting  down 
of  forests,  and  even  the  introduction  of  new  plants  and  animals, 
destroy  some  of  the  old  and  alter  the  relations  between  those  that 
remain.  The  inaccessible  cliffs  of  the  Himalayas  and  Andes  will 
afford  a  refuge  to  the  eagle  and  condor,  but  the  time  will  come 
when  the  mighty  forests  of  Bhutan,  of  the  Amazon  and  Orinoco, 
will  disappear  with  the  myriads  of  their  joyous  inhabitants. 

This  time  is  at  present,  however,  extremely  remote.  It  is  true 
that  the  process  of  occupying  and  replenishing  the  earth,  by  the 
most  active  and  restless  section  of  our  species,  is  advancing  with 
accelerating  rapidity.  All  the  remaining  central  part  of  one  of  the 
largest  continents  of  the  earth  is  now  fast  filling  up  with  civilised 
inhabitants.  It  is  mapped  into  states,  territories,  and  counties, 
and  a  line  of  iron  road,  over  which  pants  the  irresistible  loco- 
motive, spans  the  wide  region  from  ocean  to  ocean.  A  vast 
migration  streams  from  the  shores  of  Europe  to  this  rapidly 
advancing  new  continent.  In  the  other  hemisphere,  too,  Australia 
and  New  Zealand  are  fast  becoming  peopled  by  the  same  process. 
But  it  will  be  long  indeed  before  the  whole  of  the  fertile  land  of 
the  earth  is  occupied  by  a  progressive,  civilised  people.    The  great 
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interior  plains  of  South  America  alone  would  sustain  a  larger 
population  than  China,  and  at  present  their  inhabitants  are  only 
in  the  proportion  of  one  to  four  square  miles  of  territory.  The 
enervating  climate  of  the  country  will  render  the  settlement  of  this 
great  region  by  the  Caucasian  race  an  extremely  slow  process.  The 
same  may  be  said  of  the  intractable  continent  of  Africa,  which 
possesses  a  wide  region  of  comparatively  healthy  upland  in  its 
broad  interior,  but  which  ofters,  in  the  deadly  climate  of  its  coast 
lands,  a  formidable  obstacle  to  the  occupation  of  the  better  tracts 
by  a  higher  race  than  has  now  the  possession  of  the  land.  The 
natural  forest  clothing  of  a  great  portion  of  these  continents,  with 
its  myi'iads  of  curious  and  beautifid  forms  of  animal  and  vegetable 
life,  is  destined  probably  to  disappear,  and  man  alone,  with  his 
cultivated  plants  and  domesticated  animals,  will  occupy  the  place 
of  the  natural  tenants :  but  there  will  remain  many  a  rugged 
valley  in  the  lofty  mountain  ranges,  and  many  a  league  of  inac- 
cessible swamp,  to  serve  as  a  refuge  for  a  large  portion  of  the  native 
faunas  and  floras.  We  may  hope,  moreover,  that,  with  the  in- 
crease of  wealth,  leisure,  knowledge,  and  refinement,  which  happily 
seems  a  secm-e  prospect  for  the  long  vistas  of  the  future,  man  will 
endeavour  to  preserve  the  equilibrium  which  exists  in  the  meteoro- 
logical forces  and  vital  conditions  of  coimtries,  when  in  their  natural 
state,  by  fostering  a  due  proportion  of  woodland,  and  thus  save 
from  extinction  the  myriad  beauteous  forms  of  life  which  have 
shared  with  him  the  inheritance  of  this  wonderful  earth. 
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France,  305,  note ;  330 ;  on  polarised 

light,  344 
Araguato,  an  ape,  482 
Aral,  Lake,  289 
Arang,  the  plant,  383 
Ararat,  Mount,  51,  472 
Araucaria,  genus  of  plants,  393,  403 
Archeopteryx,  18,  note 
Arcs,  meridional,  measurement  of,  4 

and  note,  106 
Arctic  lands,  188-190 
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ARC 

Arctic  Ocean,  pressure  of  the,  214 ; 

area,  '233 
— —  veftetation,  375 
Areca,  384 
Ar^ali  sheep,  473 
Argob,  the  ancient,  84 
Armadilloes.  483 

Armenia,  plains  of,  51  ;  mountain 

region  of,  ib. 
Arrowroot,  395,  402 
Arrowsmith,  Mount,  height  of,  132 
Arsenic,  wliere  found,  209 
Artesian  wells,  246  and  note 
Arthropoda,  the,  416, 7iote  1 
Aru  Islands,  158 
Arj-ans,  tlie,  493 
Ashangi,  Lake,  291 
Asia,  temperate,  flora  of,  379  ;  birds 

0',  454  ;  quadrupeds  of,  472 
 ,  mean  height  of,  145  ;  volcanoes 

of,  174  ;  earthquakes  in,  176 

 ,  rivers  of,  261-270 

 ,  table-lands  and  mountains  of, 

48-67 

  Minor,  animals  of,  472  ;  distri- 
bution of  plants,  369 

Asp,  Egyptian,  a  snake,  442 

Aspic  viper,  the,  442 

Ass,  wild,  or  onagra,  468,  note ;  472 

Assal,  Lake  of,  288 

Assam,  tea  plant  in,  382,  note 

Assuaj',  Paramo  del,  height  of  road 
over,  109 

Asteroids,  2 

Atacama,  district  of,  103 

Atbara,  River,  267 

Atlantic  Ocean,  volcanic  islands  of, 
155 ;  volcanic  area  of,  178  ;  its 
size,  213;  soundings,  greatest 
depth  of,  ib.  ;  telegraphic  plateau, 
ib.  ;  banks  of  the,  213 ;  rivers 
flowing  into  it,  248 

 Plain,  140 

 Slope,  140 

Atlas  Mountains,  38,  39 

AtmoH.phere,  height  and  composition, 
295  ;  its  density,  306  :  currents, 
309 

Atmospl)eric  pressure,  distribution 
of,  306 

Atolls,  161-167;  description  of,  161 ; 
diameter,  163 ;  atolls  of  the  Pacific, 
ib.  ;  of  the  China  Sea,  ib.  ;  of  the 
Indian  Ocean,  ib. ;  great  extent  of 
atolls,  167 

Atrato,  River,  277 

Auchenia,  genus  of  llamas,  484 

Auckland  Islands,  flora  of,  407 

Auk,  a  bird,  452 


BAN 

Aullagas,  Lake  or  Marsh  of,  295 

Aurochs,  or  wild  ox,  470 

Aurora,  the,  359  ;  form  and  height 
of,  ib.  ;  remarkable  one  of  1859, 
360  ;  effect  on  the  magnetic  needle, 
362 

Australia,  continent  of,  its  length 
and  breadth,  147 ;  climate,  ib. ; 
coasts,  ib. ;  mountain-chain,  ib.  ; 
length  and  average  height  of 
mountains,  ib. ;  colonies  of,  148  ; 
rivers,  149  ;  lakes,  150 ;  explora- 
tion of  the  continent,  ib.  ;  a  gold- 
producing  country,  153 ;  predicted 
by  Sir  R.  Murchison,  ib. ;  yield  of 
gold  in  1852,  ib.  ;  annual  value  of 
gold,  ib.  ;  geology,  152 

 ,  flora  of,  392";  birds  of,  462  ; 

quadrupeds  of,  485  ;  human  races, 
490 

 ,  rivers  of,  their  insignificance, 

283 

Aveland's  estimate  of  thickness  of 

Cambrian  rocks,  12 
Axolotl,  a  Mexican  reptile,  449 
Aye-Aye,  the,  480 
Azerbaijan,  51,  173. 
Azov,  Sea  of,  241 


BAAI.BEK,  ruins  of,  84 
Babel-Mandeb,  Straits  of,  244 
Babinet,  M.,  on  the  polarisation  of 

light,  344 
Babiroussa  hog,  475 
Baboon,  the  Abyssinian,  479 
Babylon,  plain  of,  262 
Back-stroke  of  lightning,  350 
Bahama  Islands,  126 
Bahr  Belama,  or  Drv  River,  98 
Bahr-el-Abiad,  or  White  Nile,  256 
Bahr-el-Azrak,  or  Blue  Nile,  257 
Bahr-el-Gazal,  a  tributary  of  the 

Nile,  256 
Baikal,  Lake,  64,  290  ;  fish  of,  428 

 Mountains,  64 

Baily,  Mr.,  7 

Baker,  Sir  Samuel,  his  discoveries, 
94,  292  ;  whirlwind  described  by, 
324  *' 

Baldwin's  summit,  height  of,  121 

Bali,  Island  of,  109 

Balkan,  tlie,  43 

Ball,  Mr.  John,  275 

Baltic  Sea,,  its  area,  240  ;  basin,  ib.  ; 
deptli,  ib. ;  climate,  ib. ;  influence 
on  European  civilisation,  502 

Banana,  the,  395 

Banca,  Island  of,  famous  for  tin,  205 
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Bangweolo,  Lake,  94 

Ranks,  Sir  Joseph,  323 

Banvan  tree,  the,  386 

Baobab,  the,  389 

Barancas  of  Mexico,  128 

Barley,  cultivation  of,  409 

Barometer,  use  in  determining 
heights,  30G  ;  aneroid,  ih.,  note  ; 
horary  variatitms  of,  307 ;  com- 
parative heights  at  the  tropics 
and  the  e()uator,  308,  note  ;  how 
afl'ected  by  storms,  320,  note 

Barren  ground,  the,  of  North  Ame- 
rica, 139 

Barrier-reefs,  notice  of  one  off  the 

north-east  coast  of  Australia,  1G4 
Banw,  Mr.,  312 
Earth,  Dr.,  97,  256 
Basin  of  a  sea  or  river,  248,  252 
Batrachians,  an   order  of  reptiles, 

447  ;  their  classification,  H).  ;  their 

distribution,  448 
Bear,  480  ;  the  grizzly,  481 
Beaumont,  Lieut.,  240 
 ,  M.  Elie  de,  extension  of  Von 

Buch's  views,  33,  note ;  on  the 

internal  heat  of  the  globe,  300 
Beaver,  the,  470 
Beche,  Sir  Henry  de  la,  196 
Beechey,  Capt.,  on  the  formation  of 

lagoon  islan-ls,  166,  note  ;  221 
Beerenberg  Volcano,  1-90 
Bees,  distribution  of,  419 
Beke,  Dr.,  travels  in  Africa,  95 
Belcher,   Sir    Edward,  expedition 

under,  238 
Belemnites,  17,  note 
Belgium,  extent  of  coal-fields,  208 
Belli,  Professor,  300,  note 
Belzoni,  499 

Ben  Lomond  (Tasmania),  height  of, 
152 

 Nevis,  its  elevation,  68 

Beryls,  where  found,  210 

Beshilo,  ravine,  96 

Bessel,  M.,  his  measurement  of  the 
earth's  radii,  5 ;  his  results  com- 
pared with  those  of  Mr.  Airy,  ih. 

Biafo  Ganze  Glacier,  length  of,  56 

Birds,  classification  of,  449 ;  geo- 
grajlhical  distribution  of,  ib.  ;  mi- 
gration of,  45'0;  British,  452; 
European  and  Arctic,  451 ;  Asiatic, 
454;  African,  456;  NorthAmerican, 
458  ;  South  American,  459  ;  Aus- 
tralian, 462 ;  of  New  Zealand, 
464  ;  fossil,  from  New  Zealand, 
lb. 

Birman  empire, '76 


Birt.  W.  R.,  his  '  Hurricane  Guide,' 

320,  note 

Bisohof   on    '  Chemical  Geology,' 

(juoied,  11 
Bison,  tlie,  a  species  of  ox,  481 
Bitter  lakes,  86 
Black  Dome  Mountain,  138 
 River,  271 

 Sea,  its  area,  241 ;  depth,  ih. 

Blanc.    See  Mont  Blanc 
BlewfieMs,  River,  276 
Blue  Mountains,  80 

 (America),  139 

 (Jamaica),  125 

Boa,  a  genus  of  serpents,  443 
Rogda  Ola  Mountain,  62 
Bolax  plant,  the,  406 
Bombon,  Plain  of,  its  height,  106, 
109 

Bonaparte,   Prince   C.  Lucien,  ou 

European  fish,  425 
Bonnat,  M.,  his  explorations,  260 
Bora,  the,  323 

Borncic  acid,  where  found,  247 

Borate  of  soda  in  Tibet,  61 

Bore,  a  high-crested  wave,  220, 7iotf 

Borneo,  general  features,  products, 
and  climate  of,  159 

Botanical  regions  of  the  earth's  sur- 
face, 371,  note 

Boue,  M.,  his  deductions  from  a  com- 
parison of  different  parts  of  the 
land,  36 ;  nature's  fundamental 
types  few,  37  ;  on  the  influence  of 
chains  of  mountains  on  the  differ- 
ence of  nations,  501 

Boulder  fomiation,  26 

Bowles's  'Our  New  West,'  quoted, 
399  ;  on  the  geological  structure  of 
certain  mountains,  47 

Brahmaputra,  River,  264 

Brazil,  table-land,  its  height  and 
form,  112  ;  boundaries,  ib. ;  moun- 
tain-chains, 113  ;  diamonds,  210  r 
rivers,  282  ;  soil,  ih.  ;  flora  of,  403 

Brewster,  Sir  David,  his  estimate  of 
the  mean  temperature  of  the  North 
Pole,  302, 312  ;  on  the  polarisation 
of  light,  344 

Brienz,  Lake  of,  286 

Britain,  earthquakes  in,  176 ;  flora 
of,  378 

British  mountains,  geology  of,  69 

 North  America,  area  of,  135 

 rivers,  importance  of,  254 

Brixham,  flint  implements  found  iu 

a  cave  at,  30 
Brooke,  Sir  J..  160 
Brown,  Mount,  height  of,  129 
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BUTJ 

IJnioe,  on  African  whirlwinds,  323 
Buch,  Von,  on  the  structure  of  the 
globe,  33,   note;  classification  of 
islands,   154 ;   theorj'  of  lagoon 
islands,  16fi,  note 
Buchan,  Mr.,  on  ocean  temperature, 
231;  atmospheric  pressure  iuvesti- 
gated  by,  309,  313,  322,  329 
Buckwheat,  cultivatioa  of,  410 
Budarhana,  food  of  the  camel,  378 
Buftalo,  the,  473 

Buist,  Dr.,  on  evaporation  in  the  Red 
Sea,  244  ;  on  colour,  ib.  ;  on  hail- 
storms in  India,  338 

Buiston, '  Hailstorms  of  India,'  338 

Buka,  plain  of,  84 

Biinge,  M.,  145,  note 

Bunsen,  on  the  temperature  of  the 
(ireat  Geyser,  188 

Buphaga,  a  genus  of  birds,  457 

Burke,  Australia  explored  by,  150 

Biirketown,  151 

Burnes,  Sir  Alexander,  53 

Burton  and  Speke,  Captains,  their 
discoveries  in  Africa,  93,  292,  369 

Bush,  the  vegetation  of  the,  391 

Butschetje,  Mount,  height  of,  42 


Cacao,  or  chocolate  bean,  401 

Cachalot,  or  spermaceti  whale,  436 

Cfficilite,  genus  of  reptiles,  449 

Calcareous  rocks,  13,  note 

California,  the  situation  of,  131  ; 
value  of  gold  brought  from,  in 
1857,  153,  note  ;  mammoth  trees 
of,  399 

'  Calling  of  the  Sea,'  322 

Calms,  equatorial  belt  of,  331 

Cambrian  rocks,  11  and  note  ;  thick- 
ness of,  12 

Camel,  Bactrian,  474  ;  Arabian,  or 
dromedary,  ib. ;  food  of,  389 

Camellia,  country  of,  .381. 

Cameron,  Lieut.,'explorations  of  94, 
2oG,  292,  369 

Campbell's  Island,  flora  of,  408 

Campos  Parecis,  desert  of,  113 

Canada.s,  products  of  the,  135;  its 
forests,  ib. 

Canal,  North  Sea,  the,  253 

 ,  Suez,  86 

 ,  ship,  propo.sed,  12.S 

Canals,  of  Italy,  253  ;  of  Ru.ssia,  252  ; 
of  Franco,  ib.  ;  British  canals,  254  ; 
of  the  United  States,  274 

Canary  Isiand.s,  flora  of  the,  389 

Candolle,  M.  de,  411 


CHA 

Caiions  of  Mexico,  128,  275  ;  mean- 
ing of  the  term,  276,  note 
Cantabrian  chain,  40 
Cape  Neuro,  89 

 of  Gjood  Hope,  88  ;  flora,  391  ; 

height  of  waves,  220 
Capybara  (Myopotamus),  485 
Caracas,  Silla  of,  verticality  of,  36 
Carbonic  acid,  175  ;  amount  in  the 

atmosphere,  364 
Carboniferous  system,  15 
Cariama,  a  gallinaceous  bird,  460 
Caribbean  Sea,  243 
Cariboo,  gold  district  of,  138 
Carnivorous  mammalia,  467 
Caroline  Archipelago,  163 
Carpathian  Mountains,  42 
Carpenter,  Dr.,  228,  433 
Carpentier,  M.,  on  the  area  of  the 

base  of  the  Pyrenees,  144,  note 
Carrington,  Mr.,  358 
Cascade  range,  the,  131,  138 
Cashmere  goat,  474 
Ca.spian  Sea,  its  depression,  71  ;  its 

area  and  basin,  288 
Cassican,  genus  of  birds,  456 
Cassiquiare,  River,  251,  277,  278 
Cassius,  Mount,  height  of,  84 
Cassowary,  456 
Cataracts,  249 

Cats'  eye,  peculiar  to  Ceylon,  210 
Cauca,  River,  277 

Caucasian  race  of  mankind,  488  ;  its 

distribution,  ib. 
Caucasus,  scenery  of  the,  49,  50 
Cavendish,  Mr.,  7 
Cavias,  or  guinea-pigs,  485 
Cayambe,  Nevado  of,  height  of,  107^ 
Cebus,  an  i^merican  monkey,  482 
Cele.stial  Mountains,  62 
Celebes,  Island  of,  160 
Celtic  Belt,  429 

 races  of  man,  494 

Cenis,  Mont,  height  of  pass,  43 
Central  Asia,  its  table-lands,  48,  49 
Cerealia,  geographical  distribution 

Of,  409 

Cereopsis  goose,  an  Australian  bird. 

463 

Cerro  Duida,  height  of,  112 

 Pelado  Mountain.?,  122 

Cervus  Andium,  a  deer  of  S.  America 
486 

Cetacea,  division  of,  435,  note  ;  436 
Cevennes  Mountains,  the,  41 
Ceylon,  I.sland,  80  ;  flora  of,  387 
Chad,  Lake,  291 
Chambcze,  River,  256 
Chameleons,  445 
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Cliaiiiois,  470 
Chaillu,  M.  du,  369,  479 
'  Challenger,'  cruise  of  the,  146,  230, 
433 

Chambers,  Mr.  R.,  on  the  rise  of  land, 
182 

Champollion,  on  the  Egyptian  calen- 
dar, 259 

Chandless,  Mr.  W.,  on  American 
rivers,  279 

Chang  Chenmo,  the  route,  57 

Chantrey,  Sir  Francis,  323 

Charj'bdis;,  whirlpool  of,  242 

Cheetah,  the  hunting  leopard,  475 

Chelik,  a  shrub,  385 

Chelonida?,  or  sea-turtles,  446 

Cherraponjee,  greatest  annual  rain- 
fall, 331,  note 

Chile,  its  climate,  103  ;  group  of  vol- 
canic vents,  117  ;  rise  of  the  coast, 
119  ;  mines  of  silver,  202  ;  vege- 
tation of,  404 

Chilian,  volcano  of,  117 

Chiniborazo,  height  of,  107 

Chimnio,  Commander,  on  soundings 
in  the  Atlantic,  213 

Chimpanzee,  479 

China,  great  productiveness  of,  77  ; 
area  of  its  alluvial  plain,  ih. ;  ex- 
tent of  Great  Canal  of,  ib. ;  cli- 
mate, lb. ;  population,  77  ;  mineral 
wealth,  ib. ;  fire-hills  and  tire- 
springs  of,  174  ;  flora  of,  381 

ChinchiUa,  the,  485 

Chinese,  the,  489 

 rivers,  267 

Chingopamari,  5,  note 

Chionis,  an  American  bird,  462 

Chiromys,  or  Aye- Aye,  an  anomalous 
animal,  480 

Chironectes,  the,  483 

Chiroptera,  or  bats,  466 

Chlamyphorus,  483 

Chobe,'  Kiver,  254 

Choco,  chain  of,  108 

Chomto  Dong,  Lake,  289 

Chuquisaca,  capital  of  Bolivia,  105 

Cinchona,  or  Peruvian-bark  tree, 
where  first  discovered,  106,  401 

Cinnamon,  384 

Circassians,  489 

Cirrus,  or  cat's-tail  clouds,  329 

Civilisation,  seats  of  the  earliest,  499 

Clarke,  Kev.  W.  B.,  on  gold-fields  of 
Australia,  154 

Climate  altered  by  cultivation,  602 

 during   the   Eocene  period, 

22  ;  excessive  cold  of  the  Pliocene 
period,  24 


CON 

Climates,  continental  and  insular, 
304 

Clingmann  Peak,  139 

Cloud-ring,  a  stratum  of  clouds,  331 

Clouds,  formation  and  height  of, 

328 ;   different  names  given  to, 

329 
Cloves,  384 

Coal,  formation  of,  15 ;  diffusion 
of,  206-209  ;  quantitj'  consumed 
and  exported  annually  by  Great 
Britain,  208,  note ;  extent  of 
American  coal-fields,  ib. ;  quantity 
raised  in  one  year,  ib. 

 fields,  great  extent  of,  29 

 measm-es,  thickness  of,  16,  note 

Coast  mountains,  131 

Coasts,  extent  and  form  of,  34  ;  com- 
pai-ative  extent  of,  in  the  four 
quarters  of  the  globe,  34 

Cobra  di  capello,  or  hooded  snake, 
441 

Coca  (Erythroxylon),  404 
Coccolites,  433 
Cochineal  insect,  420 
Coco  de  mer  palm,  the,  392 
Cocoa-nut  palm,  387 
Cod-fish  of  Newfoundland,  423 
Ccele-Syria,  84 

Coffee-plant,  grows  wild  in  Africa, 

92  ;  history  of,  388 
Cotfin,  Professor,  312 
Cold,  regions  where  greatest,  302 ; 

lowest  degree  registered,  303 
Colima,  volcanic  cone,  128 
Collinson,  Capt.,  237 
Colobus,  genus  of  Lemuridaj,  479 
Colombian  Archipelago,  126 
Colorado,  length  and  depth  of  the 

caiion  of  the,  130 

 ,  Eiver,  275,  281 

Columbia,  Cape,  240 

Colville,  River,  271 

Como,  Lake  of,  286 

Compression  of  the  earth,  4,  note  1 

Condor,,  the,  459 

Confervaj,  family  of  plants,  18,  374, 

412,  415 
ConiferiB,  age  of  the,  411,  note 
Continent,  the  great,  form  of,  38  ; 
its  high  lands,  38-67  ;  European 
mountains,  38--48  ;  Asiatic,  48-67  ; 
extent  and  breadth  of  high  land 
between  tiie  Mediterranean  and  the 
Pacific,  49  ;  Great  Northern  Plain, 
70-75  ;  southern  low  lauds,  75  ; 
volcanic  action  on,  173 
Continental  islands  described,  154 
Continents,  direction  of  the  forces 
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that  raised  them,  31 ;  their  mode  of 
action,  35  ;  relative  extent  of  con- 
tinents and  islands,  32 ;  elevation 
of  continents,  35  ;  interruptions  in, 
37  ;  mean  height  of,  144 

Cook,  Capt.,  192,  note 

 Mount,  height  of,  156 

Cooley's  definition  of  physical  geo- 
graphy, 1,  note 

Copiapo,  richness  of  silver  mines,  202 

Copper,  diffusion  of,  204,  205 

Coppermine,  Rirer,  271 

Coral  formations,  four  kinds  of,  161 

 reefs,  165 

Corals,  reef-building,  431 

Coralline  Sea,  the,  164 

Cordilleras,  the,  of  S.  America,  104, 
105 

Coringa,  its  liability  to  inundations, 
321 

Cormick,  Mac,  Mr.,  191 
Corno,  Monte,  44 
Cornwall,  mines  of,  198,  204 
Cornwallis,  Lord,  79,  note 
Coromandel  coast,  mountains  of  the, 
80 

Coronse,  cause  of,  342 

Costa  Kica,  origin  of  the  name,  ]-i4 

Cotopaxi,  height  of,  107  ;  periodical 

activity  of,  175 
Cotton,  386 

Coulomb,  M.,  inventor  of  the  Torsion 

Balance,  7 
Cow  tree,  the,  402 

Crater  of  a  volcano,  definition  of, 

9,  note  ;  of  elevation,  41 
Crawfurd,  Mr.,  '  Antiquity  of  Man.' 

quoted,  493 
Crax,  genus  of  birds.  460 
Cretaceous  strata,  19  and  /lote 
Crinoidea,  13,  429 

Crocodiles  in  general,  443  ;  of  the 
Xile,  ib.,  444,  note  ;  of  the  Oolitic 
period,  19  ;  of  the  Mississipj)!,  133 

Crozier,  Capt.,  236 

'Cross  Timbers,'  a  belt  of  woodlrtud. 
133 

 Mr.,  on  electricity,  346 

Crown  Mountain,  height  of,  132 
Crust  of  the  globe,  its  conjjiosit  ion, 

21  ;  organic  remains  in  it,  27,  et 

seq. 

Crustacea,  effect  of,  on  the  colour  of 

ocean,  434 
Crystalline  rocks,  13,  note 
Cuba,  area  and  coast-line,  126  ;  lici^lit 

of  its  mountains,  ib. 
Culture,  its  infiueuce  on  the  human 

form,  498 

1 


DAW 

Cumuli,  or  summer  clouds,  330 
Currents,  causes  of,  223 ;  direction 
and  velocity  ib.  ;  great  oceanic 
currents,  224-229  ;  drift  currents, 
225  ;  counter  currents,  228  ;  peri- 
odical currents,  ib.  ;  effect  of 
currents  on  voj'ages,  229  ;  sub- 
marine currents'  between  the  At- 
lantic -and  Arctic  Oceans,  235  ; 
effects  on  distribution  of  fishes, 
426 

Cutch,  Rimn  of,  81 

Cuttle-fish  of  the  Cape  de  Yerd 

Islands,  428 
Cuvier,  Baron,  24,  25,  269,  jiote 
Cuzco,  city,  105  ;  relics  of  the  Incas, 

ib. 

Cypress,  age  of  the,  411 


Dahna,  or  Red  Desert,  82 

Dalai  Mountains,  64 

Dalanta,  plateau,  96 

Dalton,  Mr.,  on  dew,  327 

Damascus,  Plain  of,  85 

Dana,  Professor,  434 

Dangerous  Archipelago,  163 

Danube,  River,  252 

Daouria  Mountains,  65 

Dariel  Road,  the,  50 

Darien,  proposed  ship  canal  across 

the  Isthmus  of,  123 
Darling  range,  height  of  the,  149 
 River,  284 

Darwin,  Dr.,  his  observations  on 
Chilian  volcanoes,  10  ;  speculations 
on  annual  remains  found  in  Siberia, 
25;  his 'Travels  in  South  Ame- 
rica' quoted,  119,  ]20  ;  on  coral 
insects,  165  ;  on  aninialcula  in  the 
ocean,  434 ;  on  Aconcagua  Peak, 
324  ;  on  the  musical  H\  la,  448  ; 
on  reptiles  of  the  (jalapagos,  445  ; 
on  birds  of  ditto,  461  ;  on  relative 
weight  of  certain  quadrupeds,  485  ; 
on  average  height  of  the  Pata- 
gonians,  492,  note 

Date  palm,  the,  389 

Daubre'e  on  metaniorphism  in  rocks, 
10,  note 

Daussy,  M.,  on  volcanic  action  in 

the  Atlantic,  178 
Da  Vinci,  Leonardo,  his  hvdraulic 

operations,  253,  note 
Davy,  Sir  Ilinnphrv,  his  discovery 

ol  the  metallic  bases  of  the  alkalis 

193  ;  hissafetv-ljinip,  207 
Dawson     I3r.,    names  the  Eozoo7i 

canademe,  12 

I. 


514 


INDEX. 


DAY 

Day  and  night,  duration  of,  3 
Dayman,  Commander,    on  certain 

ocean  temperatures,  228 
Dead  Sea,  depression  of,  85,  287 ; 

saltness  of,  86,  289,  note 
Deccan,  table-land  of,  80  ;  its  height 

and  orography,  ib.  ;  structure,  80  ; 

soil,  ib. 

Deer  of  the  Indian  Archipelago,  475 
Delaware,  River,  274: 
Deltas  of  rivers,  250 
Demavend,  volcanic  peak  of,  51 
Dembea,  Plain  of,  95 
.  Lake,  291 

Density,  mean,  of  the  earth,  7  ;  of  the 

atmosphere,  306 ;  variations  in,  307 
Deodar,  a  species  of  cedar,  67 
Desaguadero,  table-land  or  valley  of, 

its  dimensions,  104  ;  its  area,  ib.  ; 

river,  295 
Descloiseaux,  M.,  188 
Desert  Plateau,  Great  Western,  129 
Desolate  region,  the,  a  part  of  the 

ocean,  225 
Development,  progressive,  of  species, 

no  proof  of,  28 
Devonian  rocks,  description  of,  14 ; 

origin  of  the  term,  14,  note 
Dew,  327 

Dhor  el  Kodib,  height  of,  84 

Diamonds,  where  found,  209 

Dicotyledonous  plants,  309 

Dinornis,  a  fossil  bird,  464 

Dinotherium,  the,  23  and  7ix)te 

'  Discovery,'  voyage  of  the,  239 

Distance  estimated  from  known 
height  of  an  object,  5 

Dividing  range,  Ihe,  149 

Dodo,  an  extinct  bird,  464 

Dogger  Bank,  213,  424 

Dogs,  American,  481 

Dog-star  venerated  by  the  Egyp- 
tians, 269 

Doldrums,  the,  311 

Dolomite  rocks,  10,  note 

Dolphins,  436 

Domestic  animals,  number  of  species, 
603 

Domeyko,  M.,  on  the  volcano  of 
Antuco,  117 

Donny,  M.,  experiments  of,  with 
boiling  water,  188 

Dordogne,  caverns  of,  31 

Douglas,  Mr.,  his  account  of  an 
eruption  of  the  volcano  of  Kilauea 
in  1834,  172 

Dove,  Professor,  on  mean  tempera- 
tures, 803  and  note;  on  climate. 
304  i   on  variations  in  density, 


EAR 

307  ;  on  rotatory  storms,  321, 
7wte 

Dovre-fjeld  table-land,  67 
Dragon  lizard,  445 
Drakenberg  range,  89 
Drift,  Northern,  <5i  Boulder  Forma- 
tion, 26 
Dry  River,  the,  98 
— '—  Sea,  the,  63 

Du  Chaillu,  M.,  discoveries  of,  in 

Africa,  256,  369,  479 
Dugong,  the,  439 
Duida  Cerro,  height  of,  112 
Dunraven's,  Earl  of,  measurement  of 

breakers,  222 
Dureau  de  la  Malle,  M.,  on  the 

climate  of  Italy,  305,  note 
Durian,  a  tropical  fruit,  159 
Dj^chtau,  height  of,  50 
Dynamic  Equator,  the,  353 
Dzeran,  or  yellow  goat,  473 
Dziggetai,  the,  473 


Eagles,  453 

Earth,  the,  its  position  in  the  solar 
system,  1 ;  its  insignificance  in  space, 
2  ;  its  internal  tires,  2  and  note  ; 
instability  of  its  shell,  ib. ;  changes 
which  have  brought  about  its 
present  state,  ib. ;  its  distance  from 
the  sun,  3  ;  its  annual  and  diurnal 
revolutions,  ib.  ;  inclination  of  its 
axis,  ib. ;  its  relative  magnitude, 
ib.  ;  its  figure  and  density  deduced 
from  the  perturbations  in  the 
motions  of  the  moon,  ib. ;  its  cur- 
vature, 4  ;  modes  of  determining 
its  form  and  size,  4  ;  its  radii,  5  ; 
its  circumference  and  diameter,  ib. ; 
experiment  to  ascertain  the  value 
of  its  mass,  6  and  note ;  its  mean 
density,  7 ;  increase  in  density 
towards  the  centre,  ib. ;  consti- 
tution of  its  surface,  ib.  ;  an  idea 
of  its  structure  obtained  from 
mining,  8  :  its  antiquity,  27  ;  dis- 
tribution of  land  and  water,  32  ; 
ancient  internal  action,  35 

 temperature  of  the  surface  of, 

246 

 light,  observations  on,  110 

Earthquakes,  175-183  ;  probable 
causes  of,  177  ;  propagation  of  the 
sliock,  ib.  ;  efi'ect  on  the  sea,  ib. ; 
elevation  of  the  ground,  ib. ;  sound 
(if  the  explosion,  rate  of  pro- 
gression  of,    179 ;    velocity  of 
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EAS 

the  great  oceanic  wave,  180 ; 
comparative  destructiveness  of 
eartliquakes,  ib.  ;  frequency  of 
small  shocks,  ib. ;  extent  of  undu- 
lations, 181  ;  rapidity  of  destruc- 
tion, ib.  ;  partial  shocks,  ib.  ;  ef- 
fects of  earthquakes  on  the  con- 
fi.tjuration  of  the  country,  181, 
182 

Eastern  Asia,  its  table-lands  and 

mountains,  63-67 
Echidna,  487 

Echimys,  or  prickly  rat,  485 
Ecliptic,  definition  of  the,  3,  note 
Edentata,  466 ;  Asiatic,  476  ;  African, 
479;    South    American,  483;  of 
Australia,  485 ;  link  between  the 
marsupial  familjj'  and,  487 
Edom,  84 

Egmont,  Mount,  height  of,  156 

Egypt,  259  ;  plants  of,  389 

Egyptians,  492,  499 

Ehrenberg,  M.,  microscopic  shells 
discovered  by,  29 ;  rain-dust,  ex- 
amined by,  312  ;  his  discoverj'  of 
the  infusoria,  421 

Eider  duck,  the,  452 

Eland,  antelope,  478 

Elbruz,  elevation  of,  50 

Electrical  currents,  195 

Electricity  in  connection  with  the 
formation  and  fiUing  of  mineral 
veins,  195 ;  in  general,  346  ;  of 
the  atmosphere,  ib. 

Elementary  bodies,  list  of,  193,  194 

Elei)hants,  Asiatic,  474 ;  African, 
478  ;  fossil,  multitudes  of,  in  Sibe- 
ria, 25,  29,  269,  note ;  troops  of,  in 
South  Africa,  92 

El  Ghor,  vallev  of,  85 

Elias,  St.,  Mount,  138 

Elk,  the,  471,  480 

Elliot,  Mr.,  his  expedition  to  the 
sourc(is  of  the  Ganges,  264 

El-Tih,  Desert  of,  83 

Elton,  Lake,  289 

Emeralds,  where  found,  210 

Emu,  Australian,  463 

Encircling  reefs,  163 

Encrinite,  or  stone-lily,  18 

England,  earthquakes  in,  176 

EocKne  period,  dafmition  of  the  term, 
2\,notK;  the  globe  and  its  inhabit- 
ants (luring,  22 

Eozoon  cauadense,  1 2  and  note 

Epyornis,  extitict  bird,  464 

Equator,  protuberant  matter  at,  in- 
riuences  and  is  influenced  by  the 
moon's  motion,  3,  4,  and  note ;  it 


PLl 

passes  over  the  summit  of  Cay- 

ambe,  107 
Equatorial  calms,  region  of,  313 

 currents,  223,  224 

Equus  curvidens,  the,  24 
Erebus,  Mount,  191 
Erie,  Lake,  293 

Ermann,  M.,  on  evaporation,  309, 

326  ;  on  magnetic  force,  354 
Eselschacht  mine,  depth  oif,  199 
Espy,  on  clouds,  329 
Espinha90,  chain  of,  113 
Esquimaux,  489,  497 
Esquimau  Harbour,  132 
Essequibo,  River,  281 
Ethiopia,  94  ;  thunderstorms  of,  346 
Ethiopian  races,  490 
Etna,  manner  of  its  explosions,  175 
Euphrates,  River,  261 
Europe,  geological    notice  of,  47  ; 

mean  height  and  area  of,  144 ; 

nations  of,  494 
European  birds,  451  ;  quadrupeds 

470  ;  population,  495,  note 
  mountains,  frequency  of  deep 

lakes  in,  43 
Evaporation  in  different  regions,  324 
Everest,  Mount,  6  and  note,  55 
Eyre,  Mr.,  Australian  iournev  of, 

149  J        ,  > 


Pair-weather,  Mount,  138 
Falconer,  Dr.,  30 

Falkland  Islands,  vegetation  of,  406 

Faraday,  Dr.,  362 

Faroe  Islands,  08 

Ferghana,  government  of,  77,  note 

Ferns,  (ossil,  18 

Fichtelgebirge,  area  of,  41 

Fig  tribe,  trees  of  the,  3'86 

Fins,  the  race  of,  494 

Fire,  subterranean  lakes  of  liquid, 
2  ;  volcanic,  its  agency  in  the  for- 
mation of  rocks,  10 

FireHy,  the,  420 

Fishes,  fossil,  18  ;  geographical  dis- 
tribution of,  423  ;  skeletons  of,  ib. 
note;  migration  of  fishes,  424; 
freshwater,  428 

FitzKoy,  Admiral,  294,  note,  322, 
note 

Fitzroy,  Captain,  Fuegians  brought 
to  England  by  him  in  1830,498, 

note 

Fjor  Is,  of  Iceland,  189  ;  of  Norway. 

08  ' ' 

Flint  implements   found  .at  Abbe- 

vrlle,  Brixham,  Isle  of  Wight,  and 
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•  Hampshire,  30 ;  prove  the  an- 
tiquity of  man,  494 

Floras :  of  arctic  and  colder  tem- 
perate regions,  374 ;  of  Britain 
and  Middle  and  Southern  Europe. 
378  ;  of  Temperate  Asia,  379  ;  of 
the  Indo-Chinese  peninsula  and 
the  Indian  archipelago,  383  ;  of 
India,  385  ;  of  Arabia,  387 ;  of 
Africa,  388  ;  of  Australia,  392  ;  of 
New  Zealand,  394  ;  of  Norfolk 
Island,  395 ;  of  Polynesia,  ib. ;  of 
the  Galapagos,  ib. ;  of  North 
America,  39(3 ;  of  Mexico  and  the 
West  Indies,  399  ;  of  Tropical 
America,  400 ;  of  Extratropical 
South  America.  403 ;  Antarctic, 

Flowers,  times  for  closing,  368,  note 

Fly,  the  common,  419 

Fog  inwges,  342 

Fogs,  how  produced,  328 

Fonseca  Gulf,  294 

Foraminifera,  or  microscopic  shells, 
2&  and  note 

Forbes,  Professor  E.,  on  the  glacial 
sea,  24,  7Mte  ;  on  primarj-  floras 
and  faunas,  372;  his  botanical 
districts,  378  ;  on  the  vegetation 
of  the  iligean  Sea,  413  and  wo<e 

 ^    Professor  Jaraes'.  work  on 

glaciers  referred  to,  46,  note 

 ,  Dr.,  on  the  geological  forma- 
tion of  the  Bolivian  Cordillera,  118 

Forest  trees,  41&;  their  growth,  ib. 

Forsyth,  Mr.,  the  Himalayan  range 
described  by,  56 

Fossil,  definition  of,  9,  note  ;  remains, 
immense  quantity  of,  28 ;  birds, 
20;  fislies,  18;  found  in  all  parts 
of  the  world,  29  ;  plants,  quantity 
of,  29 

 mammalia  of  North  America, 

143 

Fossiliferous  strata,  thickness  of  the, 
27 

Fouhihs,  the,  491 

Fox,  Mr.,  on  metallifero«s  deposits, 

195,  196 
 ,  the,  479 

Franc?,  its  high  lands,  41  ;  mean 
height  of  its  tint  provinces,  71  ; 
mean  elevation  of,  144 

Frankincense,  387 

Franklin,  Sir  .lohn,  his  northern 
voyage,  2;;6  ;  expeditions  in  search 
of  him,  2HG 

Franz-Joseph  land,  when  discovered, 
190,  239 


GIL 

Fraser,  River,  274 ;  vallevs  of  the, 
l;i7 

Fremont's  Peak,  height  of,  129 
Freshlield,  Douglas,  explorations  of, 
50 

FringillidiB,  genus  of  birds,  453 
Frogs,  447 
Frost  smoke,  328 
Fuego,  Volcano  del,  122 
Fundy,  Bay  of,  219 
Fusi-Yama,  pilgrimages  to,  171 
Fuss,  M.,  145,  note 


Galagos,  genus  of  Lemuridfc,  480 
Galapagos  Islands,  peculiar  flora  of, 

395  ;    birds  of,  461  ;   reptiles  of, 

445,  446 
Gambia,  River,  261 
Ganges,  River,  264 

 vallev  of  the,  79 

Garda,  Lake  of,  286 
Gariep,  or  Orange  River,  254 
Garnets,  where  found,  210 
Gaurisankar  Mountain,  5,  note 
Gavials,  the,  444 

Gay,  M.,  observations  on  South 
American  volcanoes,  117 

Gay-Lussac,  M.,  328 

Gecko,  a  species  of  lizard,  445 

Gems,  diffusion  of,  210,  211 

Geneva,  Lake  of,  286 

Gennesaret,  Plain  of,  86 

'  Geographical  Magazine '  referred  to, 
144,  257,  260,  292 

Geography,  physical,  definition  of, 
1  ;  effects  of  the  intellectual  superi- 
ority of  man  among  its  most  im- 
portant subjects,  ib. ;  connection 
between  it  and  geological  struc- 
ture of  countries,  36 

Geological  notice  of  Europe,  47 

Geology,  outline  of,  7-31 

Georgian  race,  489 

Gerard,  Capt.,  his  estimate  of  the 
mean  height  of  the  Himalayas,  5.t  ; 
notices  of  its  vegetation,  67 ; 
on  (he  snow-line  of  the  mountains 
of  Tibet.  336 

Gessi,  Signer,  257,  292 

Geysers,  188 ;  Great  Gej'ser,  ib. ; 
Strolcr,  ib. 

Giiint's  Causeway,  structure  of  the, 
69 

Gibbon,  a  genus  of  monkeys,  475 
Gibraltar,  Strait  of,  depth' of,  39 
Gilaroo  trout,  428 

Giles.  Mr.,  expedition  of,  in  Aus- 
tralia, 150 
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Ginger  tribe  of  plants,  386 
Gipsies,  495 

Giratl'e  peculiar  to  Africa,  477 

Glacial  sea,  bonndary  of  the  Euro- 
pean portion  of  the,  24,  note 

Glaciers,  46  ;  their  rate  of  motion  in 
the  Alps,  ib. ;  their  composition, 
ib.  ;  their  enormous  pressure,  46  ; 
in  the  Himalayas,  56 

Gladiolus,  the,  391 

Glaisher,  Mr.,  328 

GlobigeriniB,  the,  20,  483 

Glutton,  472 

Goatsi^ckers,  453 

Goatzacoalcos,  River,  276 

Gobi,  Desert  of,  area  and  elevation  of, 
63  ;  mean  height  145,  note,  314 

Godwin-Austen,  Capt.,  glaciers  ex- 
amined bj%  56 

Golconda,  mines  of,  80 

Gold,  where  found,  ]99;  abounds  in 
Asia,  200  ;  wliere  found  in  Africa, 
ib.  ;  Brazil  rich  in,  ib.  ;  amount 
found  In  Australia  in  1856,  201  ; 
California,  British  Columbia,  ib. 

 fields,  Australian,  154 

— —  mountains,  the,  200 

Gorilla,  the,  479 

Gorkhar,  the,  468,  note,  472 

Gothard,  St.,  pass  of,  43 

Gounong-Api,  volcanic  island  of,  168 

Goura,  or  great  crowned  pigeon,  456 

Grampian  Hills,  68 

Gran  Chaco,  Desert  of,  115 

Graptolite,  a  fossil,  12 

Grassj-  Sea.    See  Sargasso 

Gravitation,  variations  in  its  inten- 
sity,. 5,  6 

Great  Central  Plain  of  North  Ame- 
rica.   See  Mississippi,  valley  of 

 Fish  River,  271 

 Northern    Plain,    70-75 ;  its 

soil,  75 

 Salt  Lake,  293 

 Western  Desert  Plateau,  ex- 
tent of,  129 

Grecian  mountains,  44 

Greeks,  489,  498 

Green,  Mr.,  on  fog  images,  342 

Greenland,  32,  184  ;  flora  of,  396 

Green  Sea,  215 

Gregory,  Mr.,  exploring  expedition 

in  Australia.  149,  151,  394 
Griffiths,  Capt.,  heat  experienced  by, 
303 

Grove,  Mr.  F.  C,  explorations  of,  60 
Guacharo,  the,  459 
Guan,  a  gallinaceous  bird,  460 
Guanaco,  the,  484 


HER 

Guasco  Pass,  height  of,  109 

Guatemala,  table-land  of,  122  ;  fer- 
tility, ib. ;  elevation,  ib. ;  volca- 
noes, ib. 

Guayaquil,  River,  277 

Guenon,  monkey,  478 

Guevo  Upas,  or  '  Valley  of  Death,' 
176 

Guge,  Plain  of,  animal  remains  in 

the,  61 
Guiana,  mountains  of,  110 
Guinea,  New,  its  size,  158;  height 

of  its  mountains,  ib. 

 ,  Nortli,  fertility  of,  90 

 fowl,  the,  457 

Guiona,  Mount,  height  of,  44 
Gulf  of  Mexico,  243 

 Stream,  the,  226 

Giinther,  Dr.,  on  the  classification  of 

reptiles,  440 
Guria.  Peak  of,  289 
Gymnotus  electricus,  the,  428 


Haast  Pass,  elevation  of,  157 
Hadi'amaut,  depth  of  loose  sand  in, 

83  ;  tradition  concerning,  ib. 
Hasmus.    See  Bal'kan 
Hahn,  Herr,  conclusions  on  nattu'c  of 

Eozoon,  12,  note 
Hail,  how  formed,  337 
Haiti  (San  Domingo),  dimensions, 

125;  its  mountains,  ii. ;  Columbus 

buried  there,  126 
Hakoni,  Lake,  in  Japan,  171 
Haliotus,  the,  431 
Hall,  Capt.,  239 

Halos  round  the  sun  and  moon,  how 

produced,  342 
Hamadryas,  the,  479 
Hamoon  Swamp,  288 
Han-Hai,  plain  of,  63 
Harmattan,  the,  323 
Harvey,  Professor,  on   division  of 

marine  vegetation,  412,  note 
Haven,  Lieut.  De,  236 
Hawaii,  its  volcanoes,  172 
Head,  Sir  Francis,  quoted,  115 
Heat,  distribution  of,  302 
Hebrides,  69 

Hecla,  Mount,  volcanic  eruptions  «f, 
187 

Hedgehog,  470 

Helena,  St.,  flora  of,  372;  fluctua- 
tions of  the  needle  at,  856,  867,  and 

note 

Henderson,  Mr.,  188 
Hermon,  Mount,  height  of,  84 
Plerodotua,  386 
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Herrings,  424 

Herschel,  Sir  John,  on  the  earth's 
orbit,  298  ;  on  temperature  of  soil, 
ih. ;  306 ;  314,  note  ;  on  cause 
of  revolvinfc  stonns,  310 

High  lands  of  the  Great  Continent, 
88-75 

Himalaya  Mountains,  55 ;  mean 
height,  ib.  ;  height  of  peaks,  ib. ; 
valleys,  ib.  ;  described  hy  Mr. 
Forsyth,  56  ;  glaciers,  ib. ;  snow- 
line, ib. ;  climate,  57  ;  range  of 
vegetation,  ib. ;  passes  of,  67 ; 
flora,  380 

Hindu  Kush,  chain  of  the,  53 

Hindustan,  plains  of,  their  extent, 
79  ;  peninsula,  80 

Hipparchus,  summer  solstice  in  the 
time  of,  259 

Hippelaphus  deer  of  Aristotle,  476 

Hippopotamus,  478 

Hlaska,  volcano,  103 

Hoang-Ho,  or  Yellow  River,  267 

Hoar-frost,  327 

Hoifman,  Colonel,  on  geology  of  the 

Ural  Mountains,  70 
Hogoleu,  Island  of,  164 
Holland,  depression  of,  71,  253 
Homozoic  belts,  422 
Honduras,  121 
Honey-bird,  the,  92 
Hong-Kiang,  River,  267 
Hooker,  Dr.,  372 ;  on  Antarctic  algse, 

415 

 ,  Mount,  height  of,  129 

Hopkins,  on  the  internal  state  of  the 

globe,  299,  note 
Horeb,  Mount  (Jebel  Houra),  83 
Horizon,  dip  or  depression  of  the,  5 
Horse,  468,  474  ;  fossil,  468,  note 
Hot  springs,  174,  175 
Houtias,  a  gnawing  animal,  485 
Hoiviers,  a  tribe  of  monkeys,  482 
Hualalai,  volcano,  height  of,  172 
Huallaga,  Rivei",  279 
Hudson  Bav  Tenitory,  136 
 ,  River;;  274 

Human  constitution,  its  flexibility, 
497 

 race,  number,  divcrsitj',  and 

classification  of,  488 ;  diversities 
of  form  and  colour,  495  ;  perma- 
nency of  type,  498 

Humboldt,  on  the  mean  inclination  of 
tlie  Peak  of  Teneriffe,  36 :  estim  ate  of 
the  mean  height  of  the  Himalayas, 
55 ;  on  a  chain  of  the  Andes,  1 08  ; 
01)  musical  rocks.  111  ;  on  a  canal 
acioss  the  Isthmus  of  Darien,  123; 


ICE 

on  the  influence  of  table-lands  and 
mountains  on  the  mean  height  of 
continents,  144 ;  estimate  of  lieight 
of  mean  crest  of  the  Pyrenees,  ib., 
note ;  on  the  Karakoram  range, 
174;  notice  of  an  earthquake  at 
Riobamba  in  1797,  180  ;  of  earth- 
quakes in  South  America,  181  ;  his 
statement  of  the  quantity'  of  the 
precious  metals  brought  to  Europe 
from  America,  203  ;  on  the  Ori- 
noco, 251 ;  on  barometric  pressure, 
308;  on  botanical  regions,  371, 
note  ;  on  the  mosquito,  41 9  ;  on 
the  raA'ages  of  white  ants,  420 
Humboldt,  Mount,  height  of,  152 

 ,  River,  276 

Humming-birds,  460 
Hungary,  silver  mines  of,  201 
Hunt,  Mr.,  on  the  hot  rays,  366 
Huron,  Lake,  293 

Humcanes,  316 ;  hurricane  in  Ba- 
hama in  1866,  318;  rules  for 
avoiding,  320 

Hutton,  on  metamorphic  rocks,  10, 
note 

Huxley,  Professor,  433  ;  on  tj'pes  of 
mankind,  488,  note, 

Hysena,  475  ;  African  species,  479  ; 
capable  of  being  tamed,  503 

Hydraulic  system  of  Europe,  251  ; 
divisions,  252  ;  system  of  the  Volga, 
ib.  ;  the  Danube,  ib. ;  origin  of  the 
application  of  hydraulics  to  rivers, 
253  ;  system  of  IJritain,  ib.,  254 

Hvdrogen,  influence  on  vegetation, 
363,  365 

Hygrometer,  324,  note 

Hyla,  or  tree-frog,  447 

Hyrax,  the,  478 

Hyrcanian  Mountains,  41 


Iberian  Mountains,  40 

Ibex,  or  wild  goat,  471 

Ibis,  the  sacred,  467  ;  the  red,  461 

Ice,  polar,  232 ;  area  of.  in  the 
Arctic  Ocean,  23  ;  packed  ice,  ji.  ; 
icebergs,  234 ;  colours  of  ice,  ib. 

 ,  quantity  of,  in  the  Alps,  45 ; 

rivers  of,  ib. 

 mountains,  186 

Icebergs,  232 ;  their  appearance, 
234;  boulders  transported  by,  26 

Iceland,  186-190;  ice-clad  moun- 
tains, 186  ;  glaciers,  ib.  ;  desert, 
ib.;  volcanoes,  187  ;  eruptions,  j7>.  ; 
geysers,  188;  fiords,  189;  pro- 
ducts, ib, ;  climate,  ib.;  flora,  374 
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IGU 

Iguana,  the,  20,  note 

IjTuanians,  the,  445 

lii,  Kiver,  174 

lUimani,  height  of,  105 

Illinissa,  height  measured  by  French 

academicians,  107 
India,  flora  of,  385 
Indian  Archipelago,  islands  of,  159  ; 

birds  of,  454 :  flora  of,  384 
 desert,  81 

 Ocean,  colour  of  the,  215  ;  tem- 
perature of  the,  232 

Indo-Chinese  peninsula,  78  ;  its  flora, 
383 

Indris,  an  animal  of  Madagascar,  480 
Indus,  Kiver,  262 

Infusoria,  their  universal  distribu- 
tion, 421 
Inglefield,  Capt.,  184 
Inland  seas,  240 

Insects,  geographical  distribution  of, 
416  ;  number  of,  ih. ;  division  into 
families,  ib.,  note;  destruction  of, 
416,  note  ;  migration  of,  420 

Iodine  found  in  sea  water,  412 

Irak-Arabi,  262 

Iran,  plateau  of.    See  Persia 

Irawadi,  River,  266 

Ireland,  its  scenery,  69 ;  coal  dis- 
tricts, 207 

Irene,  the,  455 

Iron,   diffusion  of,   206 ;  quantity 

produced  in  Britain  in  1873,  ib. 
Irtish,  River,  269 

Irtysh,  Black  and  White,  rivers, 
291 

Islands,  their  relative  extent  to  that 

of  the  continents,  32 

 continental,  164 

 ,  Pelagic,  155 

Isluga,  volcano  of,  117 
Ismailia,  tovm  of,  87 
Isobaric  lines,  309 
Isochimenal  lines,  305,  note 
Isogeothermal  lines,  305,  note 
Isothermal  lines,  302,  note,  303,  305, 

note,  370 
Itambe,  Mount,  height  of,  113 
Ivy,  age  of,  411 

Iztaccihuatl,  volcano,  height  of,  128 
Jackal,  479 

Jagua,r,  or  American  tiger,  483 

Jamaica,  its  area,  125  ;  mountains, 
ib. ;  extent  of  coast,  ib  ;  tempera- 
ture, ib. 

Jan  May  en.  Island  of,  190 

Jdng  Ninjin-thangld,  height  of,  290 


KAN 

Janthina  fragilis,  the,  432 
Japan  Archipelago,  171 

 ,  empire  of,  170 ;  scenery  of,  ib. ; 

flora  of,  382  ;  animals,  472 
Japanese,  171,  490 

Java,  volcanoes  of,  168 ;  height  of 
volcanic  mountains,  ib. ;  destruc- 
tion of  a  mountain  in  1772,  ib.  ; 
character  of  the  sceneiy  ib.; 
'VaUey  of  Death,'  175  ;  flora,  385 

Jebel  es  Sheik  (Mount  Hermon),  84 

 Akhdar,  height  of,  82 

 Akra,  height  of,  84 

 Houra  (Mount  Horeb),  height 

of,  83 

 Sannum,  height  of,  84 

 Shomer,  kingdom  of,  82 

 Toweyk,  plateau  of,  82 

 Usdum,  compb>ed  of  rock  salt, 

86,  287 

Jeffreys,  Mr.  Gwyn,  215,  note,  438 
Jer,  the,  or  gentil  falcon,  453 
Jerboa,  the,  or  flying  squirrel,  472, 
480 

Jews,  the,  495, 499 

Jitta,  the  River,  96 

Joachimsthal  mine,  199 

Johnston,  Mr.  Keith,  his  'Physical 

Atlas '  referred  to  on  pages  49,  64, 

80,  220,  422,  notes 
Joliba,  River,  260 
Jong-lam,  high  road,  59 
Jordan,  River,  85 

 ,  valley  of,  its  fertility,  85  ;  its 

depression,  85  ;  vegetation,  86,  379 

Jorullo,  volcanic  cone  of,  its  sudden 
appearance,  128 

Jukes,  Mr.,  his  description  of  the 
rolling  of  the  billows  along  the 
great  Australian  barrier-reef,  164, 
165 

Jupiter  Ammon,  ruins  of  the  temple 
of.  99 

Jura,  elevation  of  the,  43 
Jurassic  group,  17 


KXbara,  port  of,  97 
Kabyles,  the,  496 
Kafue,  River,  92, 255 
Kailas  Peaks,  58,  289 
Kalahari  Desert,  90 
Kalmuks,  489 

Kalong,  the,  a  species  of  bat,  475 
Kambodia,  River,  266 
Kamichi,  a  gallinaceous  bird,  460 
Kanitschfttka,  flora  of,  376 
Kamtz  on  the  region  of  clouds,  328 
I  Kauanaski  Pass,  137 
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Kane,  Dr.,  expedition  of,  184, 185 
Kangaroo,  486 

 rat,  486 

Kanor,  table-land  of,  55 
Kara,  valley  of,  51 
Karakoram  Mountains,  61 ;  probably 
of  volcanic  formation,  174 

 Pass,  elevation  of,  57 

Karroos,  meaning  of  the  term,  88 
Kasbek,  height  of,  50 
Kaschtantau,  height  of,  50 
Kasim,  plains  of,  82 
Kataf,  a  plant,  387 
Kauri  pine,  the,  394 
Kelat,  elevation  of,  53 
Kellett,  Capt,  235,  238 
Keni-Balu,  height  of,  159 
Kerguelen  Land,  vegetation  of,  408 
Kerman,  Desert  of,  53 
Khing-han  Mountains,  49 
Khokand,  Khanate  of,  77,  note 
Khosran  Shah,  vale  of,  51 
Khotan,  province  of,  62 
Kiang,  wild  ass  of  Tibet,  469,  note, 
J73 

Kilauea,  volcano  of,  172  ;  eruptions 

in  1834,  ib. 
Kilima-NJaro,  height  of,  88 
Kingfishers,  45G 
King  William's  Moimtains,  90 
Kinkajou,  the,  485 
Kiolen  Mountains,  67 
Kirgbis,  the,  76 
Kizil  Yart,  the,  49,  54 
Koh  Savalan,  volcano,  51 
Kokonur  Lake,  290 
Kolobeng,  91 

Konjakofsky,  height  of,  70 
Korgon  table-land,  64 
Kosciusko,  Mount,  height  of,  147 
Krabla,  Moimt,  188 
Kreil,  M.,  on  magnetic  variations, 
359 

Krokodil,  Eiver,  255 

Kuen-lun  Mountains,  54,  61,  145 

Kuh-i-Nuh  Mountain,  61 

Kurdistan  Mountains,  51 

Kurile  Islands,  a  volcanic  region,  172 

Kutch-gar,  a  species  of  sheep,  473 

Kutanie,  Pass  of,  129,  137 

Kwich-pak,  River,  271 


Labuan,  Island  of,  160 

Laccadive  Islands,  the,  163 

Liichow,  group  of  islands,  chiefly 
composed  of  remains  of  fossil  ele- 
phants, 29 

Laddk,  vegetation  of,  381 


LES 

Ladoga,  Lake,  286 

Lagoons  and  lagoon  islands,  theories 

of  their  formation,  161-165  and 

nnte.    See  Atolls 
Lagre'e,  Capt.  de,  the  Me  Khong 

River  explored  hy,  79 
Lahore,  81 

Lake  district  of  Tibet,  290 
Lakes,  general  description  of,  285 ; 
European  lakes,  ib.  ;  Asiatic  lakes, 
287 ;  African  lakes,  291 ;  Ameri- 
can lakes,  293  ;  transparency  and 
colour  of  lakes,  295 ;  importance, 

 ,  ancient  dwellings  on,  286,  note 

 ,  salt,  of  Western  Asia,  288 

Lali'bala,  257 
Lamantin,  the,  439 
Laminaria,  a  marine  plant,  414 
Liimmergej-er,  a  vulture,  453 
Lamont,  M.,  on  magnetic  variations, 
359,  note 

Land,  dry,  its  area,  31 ;  its  propor- 
tion to  the  ocean,  32 ;  relative 
quantit}^  in  the  northern  and 
southern  hemispheres,  ib.  ;  unex- 
plored, ib. ;  area  of,  in  the  various 
continents,  ib. ;  polar  lands,  ib. ; 
tendency  of  land  to  assume  a 
peninsular  form,  33  ;'  changes  in 
its  level,  181,  182 

Languages  and  dialects,  number  of, 
492  ;  development,  varieties,  affini- 
ties, il>. 

La  Paz,  city  of,  105 

Lapis  lazuli,  210 

Lapland,  flora  of,  376 

Laristan  Mountains,  52 

Lartet,  M.,  on  the  Dead  Sea,  86 

Latitude,  sine  of,  5,  nnte 

Laurens,  M.,  on  carbonic  acid  gas  in 
the  Mediterranean,  411,  note 

Lauren  tian  Moimtains,  12,  139; 
lakes,  293 

Lauricocha,  Lake  of,  106 

Lead,  diffusion  of,  203 

Leambye,  River,  the,  254 

Lebanon,  mountains  of,  84 

Leeba,  River,  254 

Leithart,  Mr.,  195,  note 

Lejah,  district  of  the,  84 

Leman,  Lake,  286 

Lemurs,  480 

Lena,  River,  269 

Leon,  Lake,  294 

Leontes,  River,  84 

Leopard,  476 

Lepsius,  Dr.,  travels  of,  258 
Leslie,  experiments  of,  on  light,  341, 
tiote 
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LES 

Lessepf?,  M.  de,  86 

Lessonia,  a  marine  plant,  415 

Lewy,  Professor,  210,  7wte,  296 

Lhasa,  city  of,  GO 

Lias  formation,  the,  19 

Lichens,  374  ;  snow -lichen,  405 

Licks,  or  salt  marshes,  144 

Light,  338 ;  composed  of  different 
rays,  339  ;  its  properties,  ib.  ;  ab- 
sorbed by  the  atmosphere,  341 ; 
polarised,  343  ;  influence  on  vege- 
tation, 364 

Lightning,  190,  347  ;  conductors,  350 

Limpopo,  River,  the,  255 

Linnasus,  368 

Linoka-noka,  '  Rivers  upon  Rivers,' 
91 

Lion,  the,  479  ;  American,  483 

Litany,  River,  84 

Littoral  zone,  the,  429 

Livingstone,  Dr.,  his  discoveries  in 
South  Africa,  91-95  ;  on  falls  of 
the  Zambesi  River,  255,  256,  291, 
369 

Lizards,  444 

Llama,  the,  484 

Llanos  of  the  Orinoco  and  Venezuela, 
116  ;  area  of,  ib. ;  character,  ib.  ; 
inundations,  ib.  ;  vegetation,  401 

Lloyd,  Col.,  on  the  mines  of  Copiapo, 
202 

Locks  on  canals,  early  use  of,  253 ; 
their  application  by  Leonardo  da 
Vinci,  ib.,  note 

Locusts,  flights  of,  421 

Logan,  Sir  W.,  his  geological  re- 
searches, 12 

Loja,  mountain  knot  of,  106 

Lombok,  Island  of,  161,  169 

Lomnitzer  Spitze,  height  of,  42 

Longevity  of  trees,  411 

Loomis's  '  Meteorology,'  quoted,  361 

Lop,  Lake,  290 

Lophophorus,  a  bird,  455 

Lorie,  a  genus  of  parrots,  456 

Loudon,  Mr.  Alex.,  account  of  the 
'  Valley  of  Death,'  in  Java,  175 

Lualaba,  River,  94,  256 

Luapula,  Riv,cr,  256 

Lucerne,  Lake  of,  286 

Lupata  chain,  88 

Lyell,  Sir  Charles,  on  elevation  of 
mountains,  16  ;  division  of  ter- 
tiary strata,  21 ;  Pliocene  deposits, 
26,  note  ;  on  deposits  of  rivers,  27  ; 
on  the  Carpatliians,  48 ;  on  the 
Alleghany  Mountains,  139;  on 
fossiliferous  rocks  in  North  Ame- 
rica,   142 ;    on  volcanoes,  174, 


MAI? 

note;  on  earthquakes,  177,  note; 
on  change  of  level  in  land,  182 
Lynx,  the,  471 

MacCormick,  Robert,  his  descrip- 
tion of  the  first  view  of  Victoria 

Land,  191 
Mace-plant,  384 
Mackenzie,  River,  271 
Macrocystis  pyrifera,  a  plant  found 

in  the  Grassy  Sea,  227,  note,  414 
Macquarrie,  River,  284 
Madagascar,  89  ;  flora  of,  392;  fauna 

of,  480  ;  inhabitants  of,  490 
Madeira,  River,  280 
Maelstrom,  the  whirlpool,  229 
Magdala,  96 
Magdalena,  River,  277 
Magellan,  Strait  of,  101 
Mageroe  Island,  snow  line  at,  336 
Maggiore,  Lake,  286 
Magnetic  equator,  351,  354 

 force,  intensity  of,  353 

 meridian,  352 

 needle,  horary  variation  of,  356 

 poles  of  the  earth,  352 

 south  pole,  192 

 storms,  355,  368 

 variation  of  declination,  355 

Magnetism,  351,  351-363  ;   of  the 

earth,  195 
Magnolias,  region  of,  398 
Ma  guire,  Capt.,  his  observations  at 

Point  Barrow,  358,  362 
Maize,  or  Indian  corn,  origin  and 

culture  of,  400 
Makian,  Island  of,  destroyed  by  an 

earthquake,  168 
Malabar,  extent  and  height  of  its 

mountains,  80 
Malachite,  where  found,  204 
Malay  Archipelago,  the,  160  ;  width 

of  its  volcanic  belts,  170 
Malayan  races  of  man,  490 
Maldive  Archipelago,  its  dimensions, 

163  ;  size  of  its  atolls,  ib. 
Mallet,  Mr.,  on  earthquakes,  176, 

180  1        .  ; 

Mammalia,  classification  of  the,  466  ; 
geographical  distribution  of,  468  ; 
migi-ation  of,  ib. ;  marine,  434-440 

Mammoth,  the,  23,  471 

Man,  viewed  in  connection  with 
physical  geography,  1 ;  discoveries 
tending  to  prove  his  existence  in 
the  postpliocene  period,  30  ;  date 
of  creation  of,  31  ;  division  into 
races,  488  ;  his;  antiquity,  494 ; 
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MAN 

his    influence   on    the  material 
world,  502 
Manatus,  the,  440 

Mandchuria,  Tartar  country  of,  75  ; 

flora,  381 
Mandioca,  402 

Manfredi,  on  the  rate  of  rise  in  the 

bed  of  the  ocean,  27 
Mango,  a  fruit,  385 
Mangrove,  thickets  of,  390 
Manis,  the,  479 
Mankind,  numbers  of,  488 
Manoa,  citj'  of,  112 
Mansarowar,  Lake  of,  59,  289 
Marabous,  crane  or  stork,  457 
Marco  Polo,  the  Venetian  traveller, 

54 

Margary,  Mr.  A.  E.,  murdered,  266 
Marinelfauna,  422 ;  distribution  of,  428 

 mammalia,  434 ;  remains  of,  22 

 cetacea,  43G 

 vegetation,  411 

Mariner's  compass,  351 
Markham,  Mr.  Clements,  64,  note, 
96,  402,  note 

 ,  Commander,  239 

Marmosets,  482 

Marmot,  periodical  migrations  of  the, 

468 

Marsh,  Mr.  G.  P., work  on  'Man  and 
Nature  '  referred  to,  503,  note 

Marsupial  or  pouched  quadrupeds, 
19  and  note,  486 

Martius,  Professor,  on  botanical  re- 
gions, 371,  note 

Mastodon,  the,  23,  note;  remains  of, 
where  found,  1 44 

Matto  Grosso,  forest  of  the  Amazon, 
115 

Mauna  Kea,  volcano,  height  of,  172 

 Loa,  volcano,  height  of,  172 

Maunsell,  Capt.,  soundings  taken  by, 
242 

Maury,  on  the  saltness  of  the  ocean, 
216  ;  on  the  Gulf  Stream,  227  ;  on 
voyages  in  ships,  230 ;  on  the 
discovery  of  currents  in  the  South 
Pacific,  225  ;  on  the  weight  of  ice, 
235  ;  on  trade-winds,  312,  314  ;  on 
typhoons,  317  ;  on  fogs,  328,  note 

Mayo,  Kiver,  97 

M'Clintock,  Sir  Leopold,  expedition 

of,  in  the  '  Fox,'  238 
M'  Clure,  Capt.,  in  the '  Investigator,' 

183,  237 
Mealy  Mountains,  139 
Mediterranean  Sea,  volcanoes  of,  173  ; 

its  colour,  215  ;  saltness,  216  ;  its 

area,  241  ;  comparative  tempera- 


MIS 

ture,  ih. ;  sources  of  supply,  ib. ; 
depth,  242 ;  tides  and  currents. 
ib. ;  bed,  243  ;  coasts,  ib.  ;  zones  of 
depth,  430  ;  influence  on  European 
civilisation,  502 

Medusae,  the,  428 

Megatherium,  the,  24 

Me  Khong  Eiver,  266  ;  exploration 
of  the,  79 

Mekran,  Desert  of,  81 

Melbourne,  City  of,  148 

Melliphagidae,  genus  of  birds,  456 

Me  Nam,  River,  266 

Menopoma,  genus  of  reptiles,  449 

Menura,  or  lyre-bird,  463 

Meridian,  terrestrial,  4 ;  measure- 
ment of  arcs  of  the,  ib.  ;  length 
of  a  degree  of,  ib.  ;  measurement 
of  an  arc  at  Quito,  106 

Merom,  Lake,  85  ;  papjTus  grown 
there,  86 

Mesopotamia,  Southern,  Plain  of,  262 

Meta,  River,  278  ' 

Metalliferous  deposits,  197  ;  peculiar 

to  particular  rocks,  ib. 
Metals,  list  of,  193,  194,  note  ;  diff"u- 

sion  of,  199 
Metamorphic  I'ocks,  application  of  the 

term,  8,  10 
Mexico,  table-land  and  mountains, 

127  ;  city  of,  127  ;  volcanoes,  ib. ; 

Barancas,  128 ;   vegetation,   ib.  ; 

flora,  399 

 ,  Gulf  of,  243 

Meyer,  Herman  Von,  18,  note 
Middendorf,  M.,  25,  66,  note,  73 
Migration  of  insects,  420  ;  of  fishes, 

424;  of  animals,  468 
Miller,  Mr.  Hugh,  on  the  old  red 

sandstone  of  Scotland,  14,  note 
Millet,  its  cultivation,  410 
Mineral  produce  of  Great  Britain, 

value  of,  in  1873,  208,  note 
Mineral  veins,  nature  and  character 

of,   192 ;   filling  of  them,   195 ; 

richest  near  the  surface,  196 
Minerals,  where  found,  194,  195 
Mines,  British,  203 
 ,  mode  of  opening,  197  ;  ventila- 
tion, 198  ;  drainage,  ih.  ;  access, 

ib.;  depth,  I:i9 
Miocene  period,   definition  of  the 

terra,  21,  note ;  animals  of  the,  23 
Mirage,  341 

Missionaries  in  South  Africa,  91 
Mississippi,  valley  of  the,  its  area, 
132  ;  table-land",  ib.  ;  general  cha- 
racter, 133  ;  southern  desert,  ib.  ; 
marshes,  ib. ;  the  Grand  Saline, 
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MIS 

ib. ;  prairies,  ?6. ;  forests,  134  ;  new 
states,  ih.  ;  principal  lakes,  135 

Missouri,  River,  273 

Mitchell,  Mr.,  2 ;  on  the  causes  of 
earthquakes,  quoted,  179 

Mongol  Tartar  races,  489 

Mongolia,  54,  63 

Monitor,  genus  of  reptiles,  20,  note, 

445 

Monkeys,  471  ;  African,  478  ;  Ame- 
rican, 482 

Monk^vearmouth  mine,  depth  of, 
199 

Monocotyledon,    definition    of  the 

term,  15,  note 
Monocotyledonous  plants,  18,  369  ; 

aquatic,  372 
Monotremata,  487 
Monsoons,  56,  note,  225,  314 
Mont  Blanc,  its  height,  42  ;  quantity 

of  ice  on,  45 
Montgomerie,  Capt^  facts  from  his 

Indian  Trigonometrical  Survej", 

59 

Moon,  the,  its  influence  on,  and  dis- 
tance from,  the  earth,  3  ;  its  per- 
turbations show  the  compression 
at  the  poles,  4 ;  its  influence  on 
the  tides,  217 

Moorcroft,  Mr.,  his  ascent  of  the  Niti 
Pass,  58  ;  on  the  prangos,  377 

Moose-deer,  or  elk,  430 

Moraines,  45 

Moresby,  Capt.,  exploration  of  New 

Guinea,  158 
Moscow,  height  of,  71 
Mosquito,  the,  419 
Mo.sioatunya  Falls,  the,  255 
Mosses,  374 

Mountain  chains,  direction  of,  35  ;  a 
barrier  to  insects,  417 

Mountains,  convulsions  in,  31 ;  forms 
and  direction  of  their  chains,  35  ; 
geological  structure  indicated  by 
their  forms,  8G  ;  interruptions  in 
their  chains,  37 ;  mode  of  com- 
puting mass  of,  144,  note 

Mouflon,  the,  470 

Mozambique  Channel,  breadth  of,  89 
Murchison,  Sir  Roderick,  on  forma- 
tions in  the  Silurian  rocks,  11, 
note;  Laurentian  gneiss,  12; 
Devonian  rocks,  14,  note  ;  Permian 
system,  16,  and  note ;  on  the 
geology  of  tlie  Altai  chain,  65  ;  on 
the  geology  of  Africa,  99  ;  predicts 
discovery  of  gold  in  Australia,  153  ; 
on  the  elevation  of  land  about  the 
Caspian,  288 


NIL 

Murray  Eivcr,  284 ;  navigation  of  the, 
148 

Murrumbigee,  River,  283 

 ,  Mount,  height  of,  129 

Musanga,  390 
Musk-deer,  moschus,  474; 
Musk-ox,  481 

Musk-rat,  or  musquash,  480 
Mustagh  Pass,  elevation  ol,  57 
Mutu,  River,  255 

Mvcestes,  or  Beelzebub  monkey,  487 
Mvrrh,  387 
Myrtle  tribe,  393 

Mysore,  table-land  of,  height  of,  80  ; 
soil,  ib. 

Mvvatn,  Lake,  origin  of  its  name, 
188,  419 


Nain  Sing,  discoveries  of,  61,  290 
Nares,  Sir  George,  Arctic  expedition 

of,  184,  239,  361.  note 
Narwhal,  the,  436 
Nasse  Falls,  275 
Natal,  88 

Natron  Lakes,  87,  98 
Negro  tribes,  490 
Nejd,  province  of  Arabia,  474 
Nelson,  River,  272 

Nehtmbium  speciosum,  an  aquatic 

plant,  380 
Neptune,  2,  note 
Nestor,  a  bird,  464 
Nestorian  Christians,  262 
Nethou,  Pie,  height  of,  39 
Nettle    tribe,   385  ;     sea  nettles, 

428 

Neu- Salzwerk,  salt  works  of,  199 
Nevado  of  Sorata,  height  of,  104 
New  Guinea,  147,  158 
— —  Siberian  Islands,  190 

 South  Wales,  148 

 Zealand,  islands  of,  156,  157 ; 

mountains,   157  ;    harbours,  ih.  ; 

provinces,  ib. ;  flora,  394  ;  birds, 

463 

Newfoundland,  population  of,  140  ; 
distance  from  Ireland,  ib. ;  double 
bank,  how  formed,  213  ;  fo^s  of 
Newfoundland,  328;  fishery,  423 

Ngami,  Lake,  291 

Niagara,  River  and  Fall  of,  293 

Nicaragua,  Plain  and  Lake,  area  of, 
121 ;  lake,  294  ;  isthmus,  ib. 

Niger,  the,  260 

Nile,  River,  256  ;  tributaries,  ib. ; 

cataracts  of  the,  258  ;  extent  of 

basin,  ib. 
Nilgiri  Mountains,  height  of,  80 
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Niti  Pass,  58  ;  tertiary  strata  of  the, 
61 

Nitrogen  contained  in  the  air,  'iOo, 

297  ;  in  plants,  365 
Nitriin,  vallev  of,  its  convents,  98 
North  Cape,  67 

 Pole,  nearest  approach  of  the 

'Alert'  to  the,  184;  supposed 
temperature  of  the,  302,  312  ■ 

■  Sea,  colour  of,  215 

 Sea  Canal,  253 

North-West  passage,  235  ;  discover}'- 
of,  237 

Norway,  character  of  its  coast,  68 
Notornis,  the,  464 
Novaia  Zemlia,  ilora  of,  375 
Nummulite,  form  of  fossil,  99,  note 
Nutmeg,  the  plant,  384 
Nyassa,  Lake,  93,  291 


Oak,  age  of  the,  411 
Oases,  Great,  and  Little,  98 
Oats,  409 
Ob,  Eiver,  269 

Ocean,  proportion  of,  to  land,  32, 

211  ;  mean  depth  of,  146  ;  its  bed, 

212  ;  soundings,  ib. ;  submarine 
banks,  214  ;  pressure,  ib. ;  colour, 
215;  saltness,  ib.;  tides,  217;  tidal 
wave,  217;  currents,  222 ;  tempera- 
ture, 146, 231,  232  ;  polar  ice,  232  ; 
inland  seas,  240 ;  agency  of  the 
ocean  in  changing  the  surface  of 
the  earth,  245  ;  its  fauna,  146,  422 

Ogowe,  Kiver,  256 

Ohio,  River,  273 

Okanda,  River,  256 

Okhotsk,  Sea  of,  243 

Old  Calabar,  River,  260 

Olifant,  River,  255 

Olive  tree,  age  of  the,  411 

Oman,  height  of  its  mountains,  82 

Onega,  Lake,  286 

Ontario,  Lake,  293 

Oolitic  or  Jurassic  group,  17  and 

note 
Opals,  210 
Ophidia,  the,  441 
Ophir  of  Scripture,  the,  89 
Opossum,  481,  483.  486 
Oraefa  Jokul,  height  of,  186 
Orange  River,  90,  264 
Orang-outang,  476 
OrchideaB,  favourite  abode  of,  112 
Oregon,  River,  275 
Oriental  plateau.    See  Tibet 
Orinoco,  River,  277  ;  its  cataracts, 

278 


PAN 

Orizaba,  height  of,  127 

Orkney  Islands,  68 

Ornithorhynchus,  487 

Orsua,  Pedro  de,  279 

Osboru,  Capt.  Sherard,  184 

Oscillations  of  the  pendulum.  See 
Pendulum 

Ostrich,  the  African,  456  ;  the  Ame- 
rican, 460 

Otter,  the,  470,482 

Ourang-outang,  home  of  the,  159 

Owen,  Professor,  on  Saurian  reptiles, 
17,  and  note ;  his  discoveries,  24 ;  on 
fossil  teeth,  ib. ;  on  extinct  birds, 
ib.,  464  ;  on  the  gorilla,  479 

 Stanley  Peak,  height  of,  158 

Owls,  453 

Ox,  468 ;  African  varieties  of  the,  477 
Oxygen,  a  constituent  of  the  at- 
mosphere, 295 ;   its  influence  on 
vegetation,  364 
Ozone,  296  ;  during  auroral  appari- 
tions, 362 


Pacaya,  volcano  of,  122 

Pachvdermata,  or  thick-skinned  ani- 
mals, 466 ;  remains  of,  22  ;  Asiatic, 
474 

Pacific  Ocean,  islands  of,  147-161 ; 
volcanic  islands  in,  167,  172  ;  great 
volcanic  zone  in,  ib. ;  areas  of  ele- 
vation and  subsidence  in  its  bed, 
165  ;  its  area,  212  ;  deepest  sound- 
ing taken  by  the  *  Challenger,' 
212  ;  mountain  system  of  the,  130 

Palaaolithic  implements,  discovery  of, 
30 

PalfEotherium,  the,  23 
Palseozoic  rocks,  11,  note',  strata,  ib. 
Palapteryx,  fossil  bird,  464 
Palaeocrystic  Sea,  239 
Palembang,  River,  169 
Palgrave,"Gifford,  country  explored 

bv,  82 
Palgu  Cho,  Lake,  289 
Palliser,  Capt.,  136, 347  ;  discovery  of 

passes  on  the  Rocky  Mountains,  137 
Palm  date,  389 

Palms,  distribution  of,  384,  386,  390 
Palmyra,  ruined  temples  of,  85 
Pamir,  table-land,  54 
Pampas  of  Buenos  Ayres,  114,  115  ; 

their  elevation,  115  ;  floods,  ib.  ; 

conflagrations,  ib. 
Pamperos,  hurricanes,  322 
Panama,  plains  of,  extent  of,  121  ; 

forests  ot,  400 
Pandanus,  genus  of  plants,  18,  384 
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Pangolin,  the,  475 

Paugkong,  Lake  of,  61 

Panjab,  the,  80,  81,  263  ;  flora,  381 

Panthers,  475 

Papua,  its  extent  and  fertility,  158 
Papuans,  490 
Para,  River,  282 
Paradise,  bird  of,  456 
Paraguay  River,  281  . 
Parallels  of  latitude,  4  and  noie 
Paran,  Desert  of,  84 
Parana,  River,  280 
Parhelia,  or  mock  suns,  348 
Parima,  mountain  sj-stem  of.  111, 

112 ;    Sierra  del    Parima,   111 ; 

musical  rock  in,  ib. 
Parinacota,  Nevado  of,  118 
Parish,  Sir  Woodbine,  quoted,  115 
Parks  of  the  Rocky  Mountains,  128 
Paropamisan  range,  52 
Parr,  Lieut.,  239 

Parry,  Sir  Edward,  237,  312,  361, 
416 

 Mountains,  192 

Paru,  River,  284 
Pasco,  silver  mines  of,  202 
Passages  across  the  Atlantic,  316 
Passes  of  the  Alps,  heights  of,  43 
Pasteur,  M.,  421 

Patagonia,  Plain  of,  114  ;  geology, 
120 

Paulo  Alfonso,  waterfall,  description 

of,  283 
Payer,  Lieut.,  190,  239 
Peceari,  or  South  American  hog,  482 
Pelagic  islands,  description  of,  155 
Peltier's  experiments  on  the  heat  of 

the  earth,  297  ;  on  fogs,  344 
Pena  de  Penaranda,  height  of,  40 
Pendulum,  experiments  with,  5,  6  ; 
its  oscillations  influenced  by  gravi- 
tation, 5  ;  variations  in,  6  ;  ex- 
periments with,  for  ascertaining 
compression  .  at  the  poles,  5,  6; 
affected  by  volcanic  islands,  6 
Penguins,  southern  (Apteuodytes'), 
462  ^ 
Peninsula,  the  Indo-Chinese,  78 
Peninsulas,  their   southward  tend- 
ency, 33  ;  form,  ib. 
Pennsylvania,  oil- springs  of,  247 
Pcntland,  Mr.,  iiis  discovery  of  a 
vcdcanic  crater  in  tlie  valley  of  the 
Yucay,  117,  note;    and  of  fossil 
shells  in  Bolivia,  ]  18  ;  his  map  of 
Lake  of  Titicaca  referred  to,  295, 
natt ;  on  horary  variation  of  the 
barometer,  ij08,  400, 7iote 
Pepper-plant,  384 


POL 

Perdu,  Mont,  286 

Perfume  of  flowers,  cause  of,  367 

Perim,  Island  of,  244 

Permian  system  of  Sir  R.  Murchi- 
son,  16  and  note 

Persia,  table-land  of  (Plateau  of 
Iran),  49 ;  extent  of  Persian  moun- 
tains, 51 ;  great  salt  desert,  52  ; 
destitute  of  water,  288  ;  flora,  380 

Persian  Gulf,  navigation  of  the,  252 

Perthes  de  Boucher,  M.,  30 

Peru,  silver  mines  of,  202 

Petaurus,  or  flying  opossum,  480 

Petherick,  Mr.,  256 

Petra,  appearance  of  its  site,  83 

Petrel,  stormy,  the,  452 

Petroleum,  where  found,  209 

Phacochcerus,  or  African  hog,  478 

Phalangers,  the,  486 

Pheasants,  different  species  of,  455 

PhociB,  or  seals,  435 

Phonolite  i-ocks,  definition  of  the  term, 
36,  ?iote 

Phosphorescence,  351 

Photometer,  341,  note 

Physalia,  428 

Physeters,  or  spermaceti  whales,  436 
Physical  geography,  1 
Piazzia,  Signor  Carlo,  257 
Pichincha,  height  of,  107,  118 
Piddington,  Mr.,  'Horn-book  for  the 

Laws  of  Storms  '  referred  to,  321, 

note 
Pigeons,  453 
Pilcomayo,  River,  281 
Pirn,  Lieut.,  238 
Pindus  Mountains,  the,  44 
Pineapple,  92,  400 

Planets,  2,  note ;  their  magnitude 
relative  to  that  of  the  earth,  3  ; 
their  influence  on  the  earth's 
motion,  ib. 

Plants,  fossil,  29 

 ,  marine,  412 

 ,  nourishment  of,  303-S67  ;  sleep 

of,  367  ;  propagation  of,  368  ; 
classification  of,  369  ;  geographical 
distribution  of,  ib. ;  dispersion  of, 
372  ;  number  known  of,  410 

Platinum,  where  found,  200 

Pliocene,  definition  of  term,  22,  note  ; 
pliocene  period,  the  earth  and  its 
inhabitants  during,  23 ;  changes 
during,  25 ;  discoveries  of  fossil 
animals  of  this  period,  23  ;  fossil 
shells,  26 

Pliuonic  rocks,  8 

Polar  calms,  312 

Polarisation  of  the  atmosphere,  343 
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'  Polaria,'  ship,  239 

Pole,  North,  nearest  point  reached  by 
the  expedition  oF  the  '  Alert '  to 
the,  184 ;  supposed  temperature, 
302,  312 

Poles,  compression  at,  ascertained  bj' 
perturbations  in  the  moon's  mo- 
tions, 3 ;   by  oscillations  of  the 
pendulum,  5 
Polynesia,  flora  of,  395 
Pomarape,  Nevado  of,  118 
Popocatepetl  Mountain,  127 
Poppig;,  Dr.,  observations  on  '  Earth- 
lii^ht,'  1 10  ;  his  '  Travels  '  quoted, 
103,  110,  202  ;  on  marine  animal- 
eula,  433 

Population  of  the  world,  488 ;  of 

Europe,  49o,  7iote 
Porcupine,  470,  482 

 River,  271 

Porpoise,  genus  of,  436 

Port  Said,  town  of,  87 

Portillo  Pass,  height  of,  108 

Porto  Rico,  dimensions  of,  125 

Portugal,  flora  of,  379 

Possiet  Bay,  harbour  of,  75 

Post -pliocene    period,  discoveries 

tending  to  prove  the  existence  of 

man  during  the,  30 
Potato,  country  of  the,  404 
Potomac,  River,  274 
Potosi,  city  of,  its  elevation,  105  ; 

its  silver  mines,  104,  117,  iiotes, 

202,  note 
Pouillet,  M.,  306 

Prairie,  the,  definition  of,  134,  note 

 ,  American,  133 

 dog,  a  marmot,  481 

 wolf,  481 

Prangos  plant,  377 

Precious  stones,  209 

Prejevalsky's  '  Mongolia'  referred  to, 

145,  378,  474 
Prongbuck  antelope,  481 
Proteus  anguinus,  449 
Protoplasm,  433 
Pseudophidia,  the,  449 
Pukaki,  Lake,  157 
Pulque,  a  fermented  liquor,  400 
Puma,  or  American  lion,  483 
Puna,  winds,  319 

Purbeck  beds  of  Dorset,  fossil  re- 
mains in  the,  19 
Purus,  River,  279 
Puv  de  Sancj  ,  height  of,  41 
PuVdt,  M.  de,  123 
Pyraraeis  cardui,  a  butterfl}",  417 
Pyrenees,  39  ;  lakes  in  the,  286 
Python,  genus  of  snakes,  443 


REP 

QuADRUMANA,  or  monkeys,  466 
Quadrupeds,  European,  470 ;  Asiatic, 

472 ;    African,  477  ;  American, 

480;  Australian,  485 
Quagga,  species  of  horse,  478 
'  Quarterly  Review '  referred  to,  271, 

note 

Quatlamba  Mountains,  88 
Quebec,  summer  of,  304 
Quebrada,  or  ravine,  110 
Queuca,  Plain  of,  106 
Quicksilver,  203 
Quilimane,  River,  255 
Quindiu,  Pass  of,  109 
Quito,  valley  of,  its  dimensions,  106 ; 

city  of  Quito,  107  ;  monuments  of 

the  Incas  in,  ib. 
Quorra,  River,  260 


Races  of  mankind,  488 ;  inhabiting 

Europe,  494 
Radiation,  302 

Radii  of  the  earth  measured  by  M. 

Bessel,  5 
Radiolarians,  433 
Rae,  Dr.,  exploration  of,  137 
Raffles,  Sir  S.,  quoted,  168  ;  on  the 

vegetation  of  Java,  385 
Rafllesias,  385 

Rain,  cause  of,  and  distribution,  331- 

335 

Rainbows,  343 
Rain-dust,  312 

Rainfall,  average,  in  England,  331, 
note 

Rains,  periodical,  333 ;  countries 
without,  334;  rainy  daj's  in  vari- 
ous countries,  335 

Rakas-Tal,  Lake,  59,  289,  473 

'  Ramparts '  of  tlie  Yukon  River,  272 

Rapids,  or  cataracts,  249 

Rass,  a  sheep  with  spiral  horns,  473 

Rat,  its  migrations,  468 

Rattlesnakes,  442 

Rawson,  Lieut.,  240 

Realejo  Bav,  294 

Redlield,   W.    C,   on    the  Arctic 

current,  228 
Red  River,  272 

 Sea,  its    great   snltness,  216  ; 

distance  from  the  Mediterranean. 

86  ;  its  size,  243  ;  volcanic  region 

of,  173  ;  evaporation  in,  244 
Reindeer,  the,  480 

 Lake,  293 

Reinwardt,  Mr.,  386 

Reptiles,  partially  distributed,  440  ; 

hvberuation,  iti.  ;  classilication  of, 
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ib.;  seograpliiual  distribution  of, 
441 

Rhinoceros  of  Asia,  474 ;  of  Sumatra, 
476 ;  of  Africa,  478 ;  fossil,  of 
Siberia,  269,  note 

Rhone,  River,  249 

Rhynchops  nigra,  461 

Rice,  cultivation  of,  409 

Richardson,  Sir  J.,  144 

Rinks,  Dr.  H.,  on  Greenland  ice,  185 

Rio  de  la  Plata,  280 

Rio  Grande,  280 

Rio  Montagna,  276 

Rio  Negro,  281 

Rio  S.  lago,  276 

River-system  of  South  Africa,  92 
Rivers,  origin  of,  248  ;   course  of, 

ib. ;  deposits  of,  27  ;  velocity,  249  ; 

junction  of  rivers,  ib.;  influence  of 

wind  and  frost,  ib.  ;  deltas,  250  ; 

tides,  ib.  ;  floods,  ib.;  inundations, 

ib. 

Roccas,  Las,  position  of  the  shoal  of, 
214 

Rocks,  amorphous,  definition  of,  7, 
note  ;  division  of,  into  four  classes, 
8 ;  i.  plutonic  rocks,  ib.,  35,  note ;  ii. 
volcanic  rocks,  9;  iii.  metamorphic 
rocks,  10,  11  ;  iv.  aqueous  rocks, 
10 ;  rocks  pierced  hy  lava,  9 ; 
calcareous  rocks,  13,  note ;  crj's- 
talline,  13,  note ;  forms  of,  36 ; 
phonolite,  36,  note  ;  height  of  cal- 
careous rocks  in  the  Alps,  47 

 ,  musical,  cause  of.  111 

Rocky  Mountains,  128,  137 

Rodentia,  or  gnawers,  466  ;  Ameri- 
can, 481  ;  Australian,  487 

Rogers,  H.  D.,  his  '  Physical  Geo- 
graphy of  North  America'  quoted, 
127 

Rohala,  height  of  volcano  of,  172 
Rohillas,  the,  496 
Roost  of  Sumburgh  current,  229 
Rorqual,  a  species  of  whale,  438 
Ross,  Sir  James,  his  discovery  of 
Victoria  Land,  190  ;  on  the  situ- 
ation of  the  South  Magnetic  Pole, 
192,  352  ;  ship  beset  by  ice,  de- 
scribed by,  232  ;  on  mean  height  of 
the  barometer  in   the  Antarctic 
Ocean,  809  ;  on  rain  from  a  cloud- 
less sky,  335 
Rothcnthurm  Pass,  42 
Roussette,  an  edible  bat,  475 
Ruirpehu,  height  of,  156 
Ruby,  whore  found,  210 
Ruminating  animals,  477,  481,  484 
Rumphius,  the  naturalist,  384 


SCH 

Rupununi,  savannahs  of  the,  112 
Russian  colonisation  on  the  Amur, 
75  ;  encroachments,  ib. ;  establish- 
ment in  Pekin,  77  ;  water-system 
of  Russifi,  253 
Rye,  cultivation  of,  409 


Sabine,  General,  his  experiments 
with  the  pendulum,  6  ;  on  fl  re- 
springs  of  China,  199,  note  ;  on  the 
moon's  attractive  force  on  the 
atmosphere,  307,  note ;  on  terres- 
trial magnetism,  362,  note,  354 ;  on 
magnetic  storms,  357 

Sacramento,  River,  276 

Saghalin,  Island  of,  268 

Saguenay,  River,  271 

Sahama,  trachytic  dome  of,  its 
height,  118 

Sahara  Desert,  97,  99 ;  salt  and 
recent  shells  plentiful  in  it,  100 

Saisan  Nor,  Lake,  290 

Salmon,  the,  425 

Salt  Rock,  209 

 Desert,  52 

Salwen,  River,  266 

Samiel,  the,  323 

Samojedes,  270,  494 

San  Juan,  River,  276 

Sand,  sea  of,  63 

 wind,  the,  323 

Sandwich  group,  volcanoes  of  the, 
172  ;  vegetation,  395 

Sanscrit  language,  493 

Santa  Martha,  group  of,  108. 

Sao  Francisco,  River,  282 

Sapajous,  monkeys  with  prehensile 
tails,  482 

Sapphire,  where  found,  210 

Saratov,  town  of,  288 

Sarcorhamphus  papa,  king  of  the 
vultures,  459 

Sargasso  Sea,  227 

Saskatchewan,  River,  272 

Satpura  range,  80 

Saurians,  order  of,  17,  note ;  of  the 

Galapagos,  445 ;  remains  of,  29 
Sayansk  chain,  64 

Scandinavian  mountain-system,  67  • 
extent  and  elevation,  ib. ;  part  of 
the  same  system  as  those  of  Faroe 
Britain,  Ireland,  and  north-eastern 
Iceland,  68  ;  geological  character, 
69 

Schlagintweit,  MM.,  discovcrv  of  hot 
springs,  174  ;  on  SMrface-water  of 
the  Atlaritic  and  Pacilic,  215,  note 

Schomburgk,  Sir  Robert,  oa  the 
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colour  of  some  South  American 
rivers,  '280  ;  on  water  communica- 
tion in  South  America,  '282 

Schonbein,  Professor,  ozone  dis- 
covered by,  296 

SchouAv,  Professor,  on  botanical 
regions,  371,  ?io<e 

Schuyler's  'Turkistan'  referred  to, 
174,  note 

Schwabe,  M.,  observations  of,  358 

Sclavonian  races,  494 

Scoresby,  Capt.,  on  Spitzbergen  ice, 
185  ;  '  Arctic  Voyages '  quoted,  214 

 ,  Dr.,  on  height  of  waves,  221, 

236  ;  on  fog  images,  342  ;  on  sea 
unicorns,  436 

Scorpions,  420 

Scotland,  its  mountains,  68;  direc- 
tion of,  ib. ;  table-land,  height  of, 
iL  ;  lakes,  ib. ;  earthquakes,  176  ; 
coal-measures,  207 

Scythrops,  genus  of  birds,  463 

Sea,  its  mean  depth,  6  ;  rise  and  fall 
of,  after  an  earthquake,  178 ;  deep 
sea  soundings,  212  ;  existence  of 
life  at  great  depths,  433 

 cow,  the,  439 

 elephant,  the,  436 

 water,  constituents  of,  216,  note, 

217 

 snakes,  443 

Seals,  435 

Seaweeds,  412,  414 

Secchi,  Professor,  experiments  of,  on 
the  heat  of  the  earth,  298  meteoro- 
logical observations  at  Rome,  332, 
361  ;  on  Leslie's  photometer,  341, 
note  ;  on  the  aurora,  362 

Seed,  its  mode  of  development,  364 

Seistan,  Lake,  288 

Senegal,  River,  261 

Senegambia,  96 

Serpents,  or  ophidia,  441  ;  classifi- 
cation of,  venomous,  ib. ;  innocu- 
ous, 442  ;  tree,  ib. 

Shahee,  Lake  of,  288 

Shamo  Vallev,  63 

Shat-ul-Arab,  River,  262 

Sheep,  Asiatic,  473 

Shell-fish,  fossil,  26 

Shire',  African  river,  255 

Sliirwa,  Lake,  93 

Shrike,  a  bird,  455 

Siam,  kingdom  of,  78 

Siberia,  73  ;  its  extent,  ib.  ;  mineral 
riches,  ib.  ;  soil,  ib. ;  climate,  ib. ; 
steppes,  72  ;  fiora,  371,  376 

Siberian  mountains  rich  in  gold 
mines,  66 


SOU 

Siberian  rivers,  269 

Sicily,  plants  of,  379 

Sierra,  meaning  of  the  term,  40 

 de  Cordova,  103 

 Madre,  128 

 do  Mar,  112 

 Morena,  40 

 Nevada,  40 

 Nevada  de  Merida,  110 

 Nevada  (America),  131 

 dos  Vertentes,  113 

Sikhota  Alin  Mountains,  76 

Silkworms,  420 

Silurian  rocks,  11,  note 

Silvas  of  the  Amazons,  116;  dense 

vegetation,  116;  area  of  woodland, 

ib.;  Humboldt's  description  of,  ib. 
Silver,  where  found,  201  ;  richness  of 

the  Andes  in,  ib. 
Simayang,  a  species  of  ape,  475 
Simoom,  the,  323 
Siniplon,  height  of  pass,  43 
Sinai,  group  of,  83 
Sine  of  the  latitude,  5,  note 
Siniavin  Island,  encircling  reef  of, 

164 

Siri  Kul,  Lake,  289 
Sirocco,  the,  323 

Sivvalik    hills,  or  sub-Himalayan 

range,  65 
Skaptar  Jokul,  eruption  of,  in  1783, 

187 

Slave  Lake,  293 
Sleet,  nature  of,  337 
Sloth,  the,  483 

Smith,  Mr.  B.  Leigh,  expeditions  of, 
239 

 ,  Dr.,  478 

 Sound,  184 

Snae  Braen,  area  of,  67  . 

Snaefell  Jokul  Mountain,  189 

Sneehatten,  height  of,  67 

Snow,  how  produced,  335  ;  form  of 

its  crystals,  336 
Snow-line,  its  height  on  mountains 

in   diflerent    lotitudes,   336  ;  its 

limit  on  the  plains,  337 
Soap  tree,  402 

Soda,  nitrate  of,  where  found,  209 

Solano  wind,  323 

Solar  spectrum,  366,  jiote 

■  system,  2  and  note 

Soldani,  his  collection  of  fossil  shells, 
29 

Somali,  the,  nn  African  tribe,  89 
Sonera,  Plateau,  128 
Sopwitli,  Mr.,  203,  note 
Sound,  the  rate  at  which  it  travels, 
349,  note 
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South  magnetic  pole,  its  situation, 
192 

 Shetland,  vegetation  of,  405 

  Wales,  New,  character  of  the 

country,  148  ;  structure,  152 
Spain,  its  mountains,  38  ;  table-land, 

area  of,  40 ;  mean  height,  144 ; 

plants  of,  379 
Spencer  Giilf,  harbours  of,  149 
Spermaceti,  437 
Spices,  the  region  of,  384 
Spiders,  numbers  of,  420 
Spitzbergen,  185 
Splugen,  height  of  pass,  43 
Spratt,  Capt.,  soundings  taken  by,  242 
Springbok,  a  species  of  antelope,  478 
Springs,  various  kinds  of,  175  ;  their 

origin,  245  ;   intermittent,  246  ; 

temperature,  ib. ;  hot  springs,  247 ; 

medicinal   springs,    ib.  ;  saline 

springs,  ib. 
SquaUs,  arched,  322 
Squirrels,  flying,  472 
St.  EUas,  Moimt,  height  of,  138 
St.  Ehno's  fire,  351 
St.  Lawrence,  Kiver,  271 
Stanley,  Mr.,  94 
Stelvio,  Pass  of,  its  height,  43 
Stephenson,  Capt.,  239 
Steppes,  meaning  of  the  term,  71 ;  of 

Eastern  Europe,  ib. ;  great  extent 

of,  72  ;  climate,  ib. ;  soil,  ib.  ;  at- 
mosphere, ib. 
Stevenson,  Mr.,  on  the  banks  in  the 

North  Sea,  213 ;  on  pressure  of 

waves,  222 
Stonefield  slate,  fossil  remains  in  the, 

19 

Stork,  the,  454 

Storm-waves,  321 

Storms,  rotatory,  318 

Strachey,  Capt.,  on  the  table-land  in 
Kanor,  55  ;  description  of  Western 
Tibet,  59  ;  fall  of  snow  at  Leh, 
60  ;  on  mountain  chains  in  Tibet, 
ib. ;  on  the  Tibetan  Indus,  263 

Strata,  primary  fossiliferous,  11  ; 
Cambrian,  ib. ;  lower  Silurian,  12  ; 
Upper  Silurian,  13;  Laurentian,12; 
Upper  Palaeozoic,  13;  Devonian,  14 ; 
carboniferous,  ib. ;  moimtain  lime- 
stone, 15  ;  magnesian  limestone, 
17 ;  new  red  sandstone,  ib. ;  oolite, 
ib, ;  cretaceous  strata,  19  and  note, 
20  ;  tertiary  strata,  divided  by  Sir 
Charles  Lyell  into  Eocene,  Mio- 
cene, and  Pliocene,  21  ;  boulder 
formation,  26  ;  thickness  of  fossili- 
ferous, 27 

H 


TAS 

Strata,  tertiary,  of  the  Alps,  height  of, 
48 

Stratus  clouds,  330 
Strike,  definition  of,  12,  note 
Stromboli,  eruptions  of,  173,  175 
Strave,  Mr.,  on  auroras,  360 
Strzelecki,  Count,  'Memoirs  of,'  re- 
ferred to,  147 
Stuart,  Mr.,  Australian  journeys  of, 

150,  285,  298 
Sturt,  Capt.,  149 
Sudetes,  the,  41 
Suez,  Gulf  of,  243 

 Canal,  86  ;  its  width,  242 

Sulitelma,  height  of,  67 
Sulphur,  diffusion  of,  209,  174 
Sumatra,  character  of  the  island.  169  ; 

mountains  of,  ib. ;  ape  of,  475 
Sumbawa,  169 ;  earthquake  in,"  in 
1815,  ib. 

Sun,  his  mass,  3  ;  heating  power, 
298 

Sunderbunds,  the,  265 

Sun-fish,  432 

Superior,  Lake,  293 

Surinam,  the  toad  of,  448 

Susquehanna,  Rivei',  274 

Sutlej,  River,  263 

Sydnej-,  city  of,  148 

Sylvidse,  genus  of  birds,  453 

Syren,  genus  of  reptiles,  449 

Syria,  84 ;  moimtains,  ib.;  valleys 

and  plains,  85 
Syrtis,  Great,  99 

Swamps,  area  of,  in  Denmark,  7 i 
Swiss  lake  dwellings,  268,  note 


Table-lands,  31,  37  ;  their  soil  and 
climate,  38 ;  difference  between 
them  and  terraces,  45  ;  of  Central 
Asia,  48  ;  their  effect  on  the  mean 
height  of  continents,  144 

  Mountain  (Cape  Town),  its 

height,  88 

Tacora,  Nevado  of,  118. 

Tadmor,  ancient,  85 

Tagus,  River,  253 

Tahiti,  164 

Takassie,  River,  257 

Tanagers,  American  birds,  460 

Tanganyika,  African  lake,  93,  292 

Tangnou  Mountains,  64 

Tapioca,  402 

Tapir,   American,  467;  Malayan, 

476  ^ 
Tarbagatai,  volcanic  range  of,  174 
Tartary,  flora  of,  377 
Tasman  glacier,  length  of,  157 
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Tiismania,  152  ;  area  of,  ib. ;  moun- 
tains, ib.  ;  soil,  ib.  ;  flora,  394 
Taupo,  Lake,  166 
Taurus,  the,  51 

Taylor,  Mr.  A.,  on  elevation  in  the 

bed  of  the  ocean,  212,  note 
 ,  Mr.  John,  book  on  '  Cornish 

Mines '  quoted,  198,  note 
Tchad,  or  Chad  Lake,  97,  291 
Tchihatchef,  M.  Pierre  de,  on  the 

flora  of  Asia  Minor,  369 
Tea,  cultivation  and  varieties  of,  382, 

note 

Tehuantepec,  Isthmus  of,  122  ;  baj-, 
294 

Telegraph  cables  in  the  Atlantic,  213 
Temperature  of  the  earth,  297-306  ; 
mean  at  any  place,  301,  note ; 
highest  observed,  303  ;  mean  of 
the  air,  303 
 of  the  ocean,  230  ;  line  of  maxi- 
mum temperature,  231  ;  compara- 
tive, of  ocean  and  inland  seas,  241, 
note 

Tenerifie,  Peak  of,  104,  174,  320 

Tengri-Nor,  Lake,  61,  290 

Tequendama,  River,  277 

Tenochtitlan  Plain,  127 

Terror,  Mount,  191 

Tertiary  period,  21 

Testaceae  of  the  Carboniferous  period, 

16,  note 
Teutonic  races,  494 
Teyde,  volcanic  peak,  height  of,  155 
Thames,  River,  254 
Thebes,  oasis  of,  98 
Thian-Shan,  or  Celestial  Mountains, 

62  ;  not  volcanic,  174 
Thomas,  St.,  Island  of,  hurricane  in 

the,  319 

Thompson,  Sir  WOliam,  177,  note 
Thomson,  Sir  C.  Wyville,  146,  7iote, 

213,  note,  231,  433 
 ,  River,  284 

Thunderstorms,  346  ;  causes  of,  349 

Tiberias,  Lake  of,  287 

Tibet,  table-land  of  (Oriental  Pla- 
teau), its  area  and  altitude,  49, 
54 ;  its  boundaries,  54 ;  river- 
pvstem  of,  60  ;  lakes,  61 ;  mean 
height,  145  ;  flora  of,  377 

Tibet,  Eastern,  61 

Tibet,  lacustrine  plateau  of,  290 

Tidal  wave,  217,  218 

Tides,  causes  of,  217  ;  influence  of 
the  sun  and  moon  upon,  ib. ; 
spring-tides,  ib. ;  neap-tides,  ib.. ; 
velocity,  219  ;  heights  of  tides,  ib. ; 
variation  in,  ib. 


TUX 

Tierra  del  Fuego,  Archipelago  of,  101, 
113 ;  geology,  119  ;  flora,  simi- 
larity of,  with  Great  Britain,  406 

Tiger,  royal,  countrj-  of,  472,  474 

Tigre,  Plateau  of,  96 

Tigris,  River,  261 

Timbuctu,  city  of,  97 

Time,  measurement  of,  27 

Tin,  diffusion  of,  205  * 

Tinamou,  an  American  bird,  460 

Tincal,  in  Tibet,  61 

Tisingal,  mines  of,  124 

Titicaca,  Lake  of,  105  ;  area  and 
height,  296  ;  fish  of,  428  ;  wheat 
grown  on  its  banks,  409 

Toads,  448 

Tobolsk,  elevation  of,  145 
Tolima,  height  of  volcanic  peak  of, 
108 

Toll  Poss,  height  of,  70 
Toluca,  volcano,  height  of,  128 
Tomboro,  volcanic  eruption  of,  in 

1816,  169 
Tondano,  Lakeof,  160 
Tongariro,  volcano  of,  156 
Toozla,  Lake  of,  288 
Tornadoes,  322 
Torres  Strait,  148,  note 
Torsion  balance,  6,  note 
Tortoises,  446 
Toucan,  460 

Tovnbee,  Capt.,  on  currents,  225 
Trade- winds,  223,  311,  312 
Trajan's  Gate,  43 

Trees,  mammoth,  399  ;  age  of,  410 
Tree  ferns,  386 

 serpents,  443 

Trias,  17  and  note 

Trigonocephalus,  or  yellow  viper, 
442 

Trilobite,  13  and  note 

Trinidad,  Island  of,  124 

Tripe  de  roche,  374 

Tristram,  Canon,  on  the  physical 

geography  of  Palestine,  86,  287. 

380,  notes 
Trogon,  460 
Troupials,  460 
Trub,  Lake,  286 

Tseu-lieu-tsing,  fire-springs,  depths 
of,  199 

Tui,  a  New  Zealand  bird,  465 
Tunquhaer,  boUing  spring  of,  189 
Tupungato,  height  of,  102 
Turkistan,  Western,  54,  73 
Turquoise,  where  found,  210 
Turtles,  446 
Tussac  grass,  406 
Tuxtla,  volcanic  cone  of,  128 
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Twilight,  duration  of,  341 

Tyndail,  Professor,  on  glaciers,  47, 
note  ;  on  the  absorbent  power  of 
vapour,  297 ;  on  the  colour  of  the 
sky,  340,  note 

 ,  Mount,  height  of,  167 

Typhoons,  317,  322 


Ugarrowwa,  River,  256 

Ulangomula  Mountains,  64 

Uleaborg,  decrease  of  rainfall  to- 
wards, 333 

Ulloa,  M.,  on  animalcula  in  the  ocean, 
434 

Ulululi  Mountains,  138 

Umbu,  a  South  American  tree,  114 

United  States  territory,  area  of,  141; 

ricb  in  coal,  142 
Upas  tree,  385 

Ural  Mountains,  boundary  between 
Europe  and  Asia,  67  ;  extent,  69, 
70 ;  height,  70 ;  mineral  riches, 
ib.  ;  geology,  ib. 

Uranus,  2,  note 

Urumiah,  Lake  of,  288 

UrviUe,  Admiral  Dumont  d',  on  ice- 
bergs, 232 

UspaUata  chain  119 

Ust-Urt,  plateau,  71 

Usuri  River,  navigation  of,  76 

Utah,  Great  Salt  Desert  of,  130 ; 
lake,  130,  294 


Valenciaxa  mine,  depth  of,  199 
Valentia  Harbour,    distance  from 

Newfoundland,  140 
'Valley  of  Death,'  175 

 of  the  Ganges,  79 

 of  the  Jordan,  85 

Vampire,  its  habitat,  467 

Van  Diemen's  Land,  or  Tasmania, 

area  of,  162  ;  mountains,  ib. ;  soil, 

ib.  ;  flora,  394 
Van,  Lake,  area  of,  51,  288 
Vancouver  Island,  its  importance, 

132  ;  coal  found  there,  ib. 
Vanikoro,  Island  of,  166 
Vanilla,  where  grown,  400 
Vapour,  223  ;  distribution  of,  324 
Variables,  the,  313 
Vegetation,  mode  of,  363  ;  effects  of, 

on  the  atmosphere,  364;  marine, 

411 ;  what  dependent  on,  370 
Veins  in  rocks,  196,  197 

Veragua,  Cordillera  of,  its  height, 
121  '  fe  . 

Verd,  Cape,  why  so  named,  390 


WEA 

Vermejo,  River,  28 1 ;  forests  on  the 

banks  of  the,  403 
Vermilion  Pass,  129, 137 

 Sea,  why  so  named,  215 

Verneuil,  M.  de,  41,  note,  66,  note 
Vertentes,  Sierra  dos,  113 
Vesuvius,  eruptions  of,  173 
Victoria  Falls,  the.  92 
 Land,  190-192  ;  ice  cliffs,  190  ; 

its  appearance  described,  191 

 Nj-anza  Lake,  93,  292 

 River,  149,  161,  284 

Vicuna,  the,  484 

Vidi,  M.,  inventor  of  the  aneroid 

barometer,  306,  note 
VUlarica,  volcano  of,  117 
ViUe,  M.,  296,  note 
Vindhya  Mountains,  80 
Vipers,  442 
Virgin  Islands,  126 
Vizcacha,  the,  485 

Volcanic  eruptions,   description  of, 
175 

 islands,  167-172  ;  rocks,  9 

 zones  of  the  Pacific,  167 

Volcanoes,  eruptions  of,  9  ;  of  South 

America,  117;  active  volcanoes, 

174  ;  number  of,  ib. 
Volga,  River,  262 
Volta,  River,  260 

Vultures,   European,   463 ;  South 
American,  469 


Wauela,  plateau,  95 
Waders,  454 

Wahabees,  the,  kingdoms  of  the,  82 
Wahsateh  Mountains,  276 
Waikato,  River,  156 
Wakatipu,  Lake,  157 
Wales,  earthquakes  in,  176  ;  coal- 
mines in,  206 
Walfisch  Bay,  89 

Wallace,  Mr.,  168, 161  ;  classification 
of  (,he  mammalia,  466,  note ;  zoolo- 
'  gical  regions  adopted  by,  469,  note 

Wallich,  Dr.,  on  the  globigerina  of 
the  ocean  bed,  433 

Warburton,  Col.  Egerton,  laying 
down  telegraph  lines,  160 

Waterspouts,  324 

Watling's  Island,  126 

Waves,  causes  of,  "220  ;  height,  221 ; 
ground-swell,  U).;  billows,  ib. ; 
surf,  ib. ;  force  of  waves,  222 

 ,  barometric,  310 

Wealden  clay,  20 

Weasels,  471 

Weaving  bird.  457 
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WeddoU,  Dr.,  ou  cinchona,  401,  note 
Weepers,  482 

Western  Asia,  its  table-lands  and 

mountains,  49-53 
West    Indian    Islands,     124-127 ; 

Lesser   Antilles    (group),    124 ; 

Greater  Antilles,  125  ;  Bahamas, 

1 26 ;   structm-e,   ib. ;  flora,   400  ; 

animals,  485 
Weymouth  pine,  136 
Whalebone,  438 
Whales,  436 

Wheat,  cultivation  of,  409 
Wheatstone,    Professor,    clock  of, 

345  ;  his  estimate  of  the  velocity' 
•  of  lightning,  348 
Whirlpools,  229 
Whirlwinds,  323 
White  River,  268 
VVhitnej',  Mount,  height  of,  131 
Wild  animals,  troops  of,  in  South 

Africa,  92 ;   their  extraordinary 

tameness,    ib. ;    number    of,  in 

Europe,  470 
Wills,  Australia  explored  hy,  150 
Wind  River  Mountains,  129 
Winds,  temperature  of,  319 ;  theory 

of,  310,  316  ;  trade,  313 
Winnipeg,  Lake,  293 
Wombat,  the,  487 

Woods,  Lake  of  the,  description  of 

the  scenery,  136 
Worm,  earth,  363 

Wormskiold  on  the  flora  of  Kamt- 

schatka,  376 
Wotchish  Mountains,  139 
Wourali,  poison,  401 
Wrangel,  Admiral,  on  the  climate  of 

Siberia,  73  ;  his  attempt  to  reach 

the  North  Pole,  74,  note 
Wrede,  Baron,  83 

Xarayos,  Lake,  294 


ZOU 

Yablonnoi  Khrebet  range,  65 
Yak,  the,  473 

Yakutsk,  '  probably  the  coldest  town 

on  the  earth,'  74 
Yamdok  Cho,  Lake,  289 
Yangi  Pass,  the,  57 
Yang-tsze-Kiang,  River,  267 
Yapock,  River,  483 
Yarkand,  province  of,  62;  city  of 

emporium  of  commerce,  ib. 
Yedo,  earthquake  at,  177 
Yellow  Head  Pass,  the,  137 
Yenessei,  River,  269 
Yerba-mate,  the  plant,  403 
Yew,  its  growth  and  age,  411 
Young,  Mr.,  of  the  '  Livingstonia 

Mission,'  292 
Yucayali,  River,  279 
Yukon,  River,  271 
Yuracaraes,  Cordillera  of,  105 


Zaisan,  Lake,  269 

Zambesi,  River,  92,  254,  287,  note 

Zealand,  New,  its  mountains,  156  ; 

general  character  of  North  Island, 

ib. ;  of  South,  ib.  ;  glacial  lakes, 

157 ;    harbours,   ib. ;  provinces, 

158  ;  flora,  395 
Zeborah,  Mount,  210 
Zebra,  478 

 wolf,  the,  487 

Zebu,  or  India  ox,  473 

Zodiac,  signs  of  the  retrogression  of 

the,  259 
Zones,  their  breadth,  5 
 of  marine  life,  422  ;  of  depth, 

429  ;  of  marine  vegetation,  413 
Zoological  regions  adopted  by  Mr. 

Wallace,  469,  note 
Zoophytes,  coral   reefs   built  by, 

29 

Zouga,  River,  91,  291 
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,   Rome  and  the  Newest  Fashions  in  Religion. 

Three  Tracts.   Svo.   7s.  Sd. 
GLEIG'S  (G.  R.)  Campaigns  of  the  British  Army  at  Washington 

and  New  Orleans.  Post  Svo.  2i. 

 Story  of  the  Battle  of  Waterloo.    Post  Svo.  3s.  6d. 

 Narrative  of  Sale's  Brigade  in  AflFghanistan.  Post  Svo.  2«. 

  Life  of  Lord  Clive.    Post  8vo.    35.  Qd. 

 Sir  Thomas  Munro.    Post  Svo.  3s.  6d. 

GLYNNB  (Sir  Stephen).    Notes  on  the  Churches  of  Kent. 
With  Illustrations.    Svo.  Preparatior,. 

GOLDSMITH'S  (Oliver)  Works.    Edited  with  Notes  by  Peter 

Cunningham.   Vignettes.  4  Vols.  Svo.  30s. 
GORDON'S  (Sir  Alex.)  Sketches  of  German  Life,  and  Scenes 

from  the  War  of  Liberation.   Post  Svo.  3s.  6d. 

  (Ladt   Duff)  Amber- Witch :  A  Trial  for  Witch- 

craft.  Po^s^^jo-       ^^^^^.^^    j_  rpj^g  goi^ier  of  the  Foreign 


Legion.  2.  The  Prisoners  of  Abd-el-Kadir.   Post  Svo.  2s. 
GRAMMARS.  See  Curtius  ;   Hall;   Hutton;  King  Edward; 

Mattih^;  Maetzneb;  Smith. 
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GREECE  (HiSTOKT  op).   See  Geote— Smith — Student. 

GREY'S  (Eabl)  Correspondence  with  King  "William  I7th  and 
Sir  Herbert  Taylor,  from  1830  to  1832.   2  Vols.   8vo.  30s. 

 Parliamentary  Government  and  Reform;  with 

Suggestions  for  the  Improvement  of  our  Representative  Svstem 
Second  Edition,   8vo.  Ds. 

GUIZOT'S  (M.)  Meditations  on  Christianity. "  3  Yols.    Post  8vo. 

30s.  ' 

GROTE  (George).  History  of  Greece.    Prom  the  Earliest  Times 
to  the  close  of  the  generation  contemporary  with  the  death  of  Alexander 
the  Great.  Library  Edition.   Portrait,  Maps,  and  Plans.   10  Vols  fivo 
120s.  Calinet  Edition.  Portrait  and  Plans.  12  Vols.  PostSvo.  6s' each 

 Plato,  and  other  Companions  of  Socrates.  3  Vols.  8vo  455' 

 Aristotle.   2  Yols.   8vo,  325. 

 r-,^inor    Works.     With    Critical    Remarks    on  his 

Portrait"''8^^'''''l4 ^"""^s,  and  Speeches.  By  Ax,ex.Bain,  LL.D 


Fragments  on  Ethical  Subjects.  Being  a  Selection  from 

BA^Nf M.A™8''vo.''7^"'-  "'^  ^"''^''duction.    By  Alexakdeb 

Letters  on  the  Politics  of  Switzerland  in  1847.  6s. 


 —  Personal  Life.    Compiled   from   Family  Documents 

^Slnll^TS-^GKO^t.  °;Sl"ir  1*2^  '''' 

HALL  (T.  D.)  AKD  Dr.  Wm.  SMITH'S  School  Manual  of  English 
Grammar.   With  Copious  Exercises.   12mo.   3s.  Gd.  ^^S^^^O. 

  Primary  English  Grammar  for  Elementary  Schools 

Eased  on  the  above  work.  16mo.   Is.  k^i-uoojs. 

 Child's  First  Latin  Book,  including  a  Svstematic  Tr^ot 

mentof  the  New  Pronunciation,  and  a  full  Praxis  of  T^nnt  Ac- 
tives, and  Pronouns.    16mo.    Is!  6r  ^^J^''' 

HALLAM'S  (Henry)  Constitutional  History  of  England,  from  the 
Accession  of  Henry  the  Seventh  to  the  Death  of  George  the  S^ooTrt 
Lihrary  Edition.  3  Vols.  Svo.  30s.  Cabinet  Edition,  3  Vo^s^Post  Svo  12s 

  Student's  Edition  of  the  above  work 

Wm.  Smith,  D.CL.   PostSvo.    7s.  Qd.  ^^^^^ 


?f  ™*.   Edited  bj 

4 Vols.  PostSvo.   16s.  o  vois.  8vo.  36*.    Caimet  Edition. 


Records,  &c.  With  Illustrations.  3  Vols    Svo    63s         '  ^^^"^ental 
iPuMisked  Quarterly  and  Annually.) 

^-      Drtjmmond)  Western  Barbarv  its  WilH  m  -u 
and  Savage  Animala.  Post  Svo.  2s.  Wild  Tribes 
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LIST  OF  WORKS 


HEAD'S  (Sir  Francis)  Eoyal  Engineer.    Illustrations.  8vo.  12s. 

.  Life  of  Sir  John  Burgoyne.  Post  8vo.  Is. 

  Eapid  Journeys  across  the  Pampas.    Post  8vo.  2s. 

  Bubbles  from  the  Brunnen  of  Nassau.  Illustrations. 

Post  8vo.    7s.  6d. 

.   Stokers  and  Pokers  ;  or,  the  London  and  North  Western 

Railway.    Post  8vo.  2s. 

  (Sir  Edmund)  Shall  and  Will;,  or,  Future  Auxiliary 

Verbs.   Fcap.  8vo.  4s. 

HEBER'S  (Bishop)  Journals  in  India.    2  Vols.    Post  8vo.  7s. 

  Poetical  Works.   Portrait.   Ecap.  8to.    3s.  6d 

■   Hymns  adapted  to  the  Church  Service.    16mo.    Is.  6d. 

HERODOTUS.  A  New  English  Version.  Edited,  with  Notes 
and  Essays,  historical,  ethnographical,  and  geographical,  by  Canon 
Rawmnson,  assisted  by  Sib  Henry  Rawlinson  and  SiE  J.  G.  Wil- 
kinson.  Maps  and  WoodcntB.   4  Vols.  Svo.  48s. 

HERSCHEL'S  (Caroline)  Memoir  and  Correspondence.  By 
Mns.  JoHX  Hebsciibl.   With  Portraits.   Crown  8vo  12s. 

HATHERLEY'S  (Lord)  Continuity  of  Scripture,  as  Declared 
by  the  Testimony  of  our  Lord  and  of  the  Evangelists  and  Apostles. 
Svo.   6s.   Popular  Edition.    Post  Svo.    2s.  6d. 

HOLL WAY'S  (J.  G.)  Month  in  Norway.    Fcap.  8vo.  2s. 

HONEY  BEE.    By  Rev.  Thomas  James.    Fcap.  8vo.  Is. 

HOOK'S  (Dean)  Church  Dictionary.    8vo,  16«, 

 (Theodore)  Life.  By  J.  G.  Lockhart.   Fcap.  8vo.  Is. 

HOPE  (T.  C).  Architecture  of  Ahmedabad,  with  Historical 
Sketch  and  Architectural  Notes.  With  Maps,  Photographs,  and 
"Woodcuts.   4to.  51. 5s. 

  (A.  J.  Beresford)  Worship  in  the  Church  of  England. 

8vo!  9s.,  or,  Popular  Selections  from.  Svo.  2s.  6d. 

HORACE ;  a  New  Edition  of  the  Text.   Edited  by  Dean  Milman. 

With  100  Woodcuts.   Crown  Svo.   7s.  6d. 
 Life  of.   By  Dean  Milman.   Illustrations.    8vo.  9s. 

HOUGHTON'S  (Lord)  Monographs,  Personal  and  Social.  With 
Portraits.  Crown  Svo.   10s.  6d. 

  Poetical  Works.  Collected  Edition.  With  Por- 
trait.  2  Vols.   Fcap.  Svo.  I2s. 

HUME'S  (The  Student's)  History  of  England,  from  the  Inva- 
sion of  Julius  Cfssar  to  the  Revolution  of  16S8.  Corrected  and  con- 
tinued to  1868.   Woodcuts.    Post  Svo.  7s.  6d. 

HUTCHINSON  (Gen.)  Dog  Breaking,  with  Odds  and  Ends  for 
those  who  love  the  Dog  and  the  Gun.  With  40  llhistratious.  6th 
edition.    7«.  6d. 

BUTTON'S  (H.E.)  PrincipiaGrseca;  an  Introductiou  to  the  Study 
of  Greek.  Comprehending  Grammar,  Delectus,  and  Exercise-book, 
with  Vocabularies.   Sixth  Edition.   12mo.  Ss.Cd. 
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FOREIGN  HANDBOOKS. 

HAND-BOOK— TRAVEL-TALK.  English,  French,  German,  and 
Italian.   18mo.  3s.  6d. 

  HOLLAND  AND  BELGIUM.    Map  and  Plans. 

Post  8vo.  6s. 

NORTH     GERMANY   and   THE  RHINE,— 


The  Black  Forest,  the  Hartz,  Thurinfrp.i-wald,  8axoti  Switzerland, 
Bti^eti  the  Gianr  Mountains,  Taunus,  Odensrald,  Elass,  and  Loth- 
ringen.   Map  and  Plans.    Post  8vo. 

SOUTH    GERMANY,  — Wurtemburg,  Bavaria, 


Austria,  Styria,  Salzburg,  the  Austrian  and  Bavarian  Alps,  Tyrol,  Hun- 
gary, and  the  Danube,  from  Ulm  to  the  Black  Sea.  Map.  Post  8vo.  10s, 
  PAINTING.  German,  Flemish,  and  Dutch  Schools. 


Illustrations.  2  Vols.  Post  8vo.  24s. 

  LIVES  OP  EARLY  FLEMISH  PAINTERS.  By 

Cbowe  and  Cavalcaselle.   Illustrations.   Post  8vo.  10* 

  SWITZERLAND,  Alps  of  Savoy,  and  Piedmont. 

Maps.   Post  8vo.  9s. 

 FRANCE,  Part  L  Normandy,  Brittany,  the  French 

ts^ek ^*''<"»ie,  and  the  Pyrenees.  Post  8vo. 

—  Part  II.   Central  Prance,  Auvergne,  the 

Cevennes,  Burgundy,  the  Khone  and  Saone,  Provence  Nimes  Aries 
Pos^evf '7s'«f '^"'''^  ^'P^'  Chan^pague;  &c''  Maps: 


— —  MEDITERRANEAN   ISLANDS-Malta,  Corsica, 

Sardinia,  and  Sicily.    Maps.    PostSvo.  [In  the  Press 

ALGERIA.    Algiers,  Constanline,  Oran,  the  Atlas 


Range.   Map.  PostSvo. 
-— —  Paris,  and  its  Environs.    Map.    16mo.    3s  6c? 

*  Flan  op  Paris,  mounted  on  canvas.  3s  6rf 

"T7;;;r^h  '  '^^^  CastHes,  The  Basque  Provinces, 

Leon  The  Astunas,  Galicia.  Estremadura,  Andalusia  Ronda  GranaZ 

^  iits:='"2^vrtistrvr'2r--'  ^'-'B^Teir^^iS^^^^ 

'^^Fsi's^rSs^^' 

——-  north   ITALY,    Turin,  Milan,  Cremona,  the 
Italian  Lntkes,  Bergamo,  Brescia,  Verona,  Mantua  Vicenza  Pad„, 
Ferrara    Bologna.  Raveuna,  Rimini,  Piacenza  Genoa  thr'RiviPr«' 
Venice,  P-™;> '^^dena  and  Rornagna.    Map.  ^os'tXo. 

— —  CENTRAL  ITALY,  Florence,  Lucca,  Tuscany  The 
Marches,  Umbria,  and  the  late  Patrimony  of  St.  Peter's.  Map.  Post  8vo 

o?S./'li",^?™°^s.     Map.    PostSvo.  105. 


  KNAPSACK  GUIDE  TO  ItIlY  16mo. 

Pott^'fo?-   ''''  ^^^^^^^  li'uBtrations. 
I'U^l^l  ITALIAN  PAINTERS,  .kom  Cimaboe 


""""^''^"^npCAV^r'."^-  l'o«t'8vo.'l2s: 

l^nd?J!ri;^;.^S8vr%!'"^^^"'  '''^^-^^i^-^-  The 
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HAND-BOOK — DENMARK,  Sleswig,  Holstein,  Copeahagen,  Jut- 
land, Iceland.  Map.   Post  8vo.  6s. 

  RUSSIA,  St.  Petersbttrg,  Moscow,  Poland,  and 

Finland.   Maps.  Post  8vo.  18s. 

GREECE,  the  Ionian  Islands,  Continental  Greece, 


Atliens,  the  Peloponnesus,  the  Islands  of  the  jEgean  Sea,  Albania, 

Thessal'y,  and  Macedonia.    Maps.    PostSvo.  15s. 
 TURKEY  IN  ASIA — Constantinople,  the  Bos- 

Dhorus,  Dardanelles,  Brousa,  Plain  of  Troy.  Crete,  Cyprus,  Smyrna, 

Ephesus,  the  Seven  Churches,  Coasts  of  the  Black  Sea,  Armenia, 

Mesopotamia,  &c.    Maps.    Post  8vo.  15*. 
  EGYPT,  including  Descriptions  of  the  Course  of 

the  Nile  through  Egypt  and  Nubia,  Alexandria,  Cairo,  and  Thebes,  the 

Suez  Canal,  the  Pyramids,  the  Peninsula  of  Sinai,  the  Oases,  the 

Fyoom,  &c.   Map.  Post  8vo.  15s 

HOLY  LAND — Stria,  Palestine,  Peninsula  of 


Sinai,  Edom,  Syrian  Deserts,  Petra,  Damascus,  and  Palmyra.  Maps. 
PostSvo.   *«*  Travelling  Map  of  Palestine.   In    case.  12.s. 

 ,  INDIA  —  Bombay  and  Madras.     Map.    2  Vols. 


Post  8vo.  12s.  each. 


ENGLISH  HANDBOOKS. 

HAND-BOOK— MODERN  LONDON.  Map.    16mo.   3s,  6d. 
 ENVIRONS  OP  LONDON  within  a  circuit  of  20 

miles.   2  Vols.   Crown  8vo.  21s. 

EASTERN  COUNTIES,  Chelmsford,  Harwich,  Col- 


chester Maldon,  Cambridge,  Ely,  Newmarket,  Bury  St,  Edmunds, 
Ipswich,  "Woodbridge,  Felixstowe,  Lowestoft,  Norwich,  Yarmouth, 
Cromer '&c.    Map  and  Plans.    PostSvo.  12s. 

'  CATHEDRALS  of  Oxford,  Peterborough,  Norwich, 


Ely  and  Lincoln.   With  90  Illustrations.   Crown  8vo.  18s. 
 L-  KENT  AND  SUSSEX,  Canterbury,  Dover,  Rams- 
sate  Sheemess,  Rochester,  Chatham,  Woolwich,  Brighton,  Chichester, 
Worthing,  Hastings,  Lewes,  Arundel,  iStc.   Map.   Post  8vo. 

SURREY  AND  HANTS,  Kingston,  Croydon,  Rei- 


aate  Guildford,  Dorking,  Boxhill,  Winchester,  Southampton,  New- 
Forest  Portsmouth,  and  Isle  of  Wioht.  Maps.    Post  8vo.  10s. 

'  BERKS,  BUCKS,  AND  OXON,  Windsor,  Eton, 


Reading,  Aylesbury.  Uxbridge,  Wycombe,  Henley,  the  City  and  Uni- 
versity of  Oxford,  Blenheim,  and  the  Descent  of  the  Thames.  Map. 

PostSvo.^Ts^^d^^  DORSET,  AND  SOMERSET,  Salisbury, 


Chippenham,  Weymouth,  Sherborne,  Wells,  Bath,  Bristol,  Taunton, 
&c.    Map.    PostSvo.  10s. 

  DEVON  AND  CORNWALL,  Exeter,  Ilfracombe, 

Linton,  Sidmouth,  Dawlish,  Teignmouth,  Plymouth,  Devonport,  Tor- 
quay Launceston,  Truro,  Penzance,  Falmouth,  the  Lizard,  Land  s  End, 
&c   'Maps.  PostSvo.  12s. 

-—CATHEDRALS  of  Winchester,  Salisbury,  Exeter, 
Wells  Chichester,  Rochester,  Canterbury,  and  St.  Albans.  With  130 
TlhiKtrations    2  Vols.  Crown  8vo.  36s.  

"'^''    GLOUCESTER.  HEREFORD,  and  WORCESTER, 


Cirencester,  Cheltenham,  Stroud,  Tewkesbury,  Leominster  Ross  Mai 
vern,  Kidderminster,  Dudley, Bromsgrove,  Evesham.  Map.  PostSvo.  9s. 
CATHEDRALS  of  Bristol,  Gloucester,  Hereford, 


Worcester,  and  Lichfield.  With  50  Illustrations.  Crown  8vo.  16s. 

NORTH  WALES,  Bangor,  Carnarvon,  Beaumaris, 


Snowdon,  Llanberis,  Dolgelly,  Cader  Idris,  Conway,  &c.  Map.  Post 
8vo.  7s. 
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HAND-BOOK— SOUTH  WALES,  Monmouth,  Llandaff,  Merthyr, 
Vale  of  Neath,  Pembroke,  Carmarthen,  Tenby,  Swansea,  The  Wye,  &c. 
Map.   Post  8vo.  7s. 

  CATHEDRALS    OF  BANGOR,    ST.  ASAPH, 

Llandaff,  and  St.  Dswid's.   With  Illustrations.    Post  8vo.  15s. 

DERBY,   NOTTS,   LEICESTER,  STAFFORD, 


Matlock,  Bakewell,  Chatsworth,  The  Peak,  Buxton,  Hardwick,  Dove 
Dale,  Ashborne,  Southwell,  Mansfield,  Ketford,  Burton,  Belvoir,  Melton 
Mowbray,  Wolverhampton,  Lichfield,  Walsall,  Tamworth.  Map. 
Post  8vo.  9s. 

  SHROPSHIRE,  CHESHIRE  and  LANCASHIRE 

— Shrewsbury,  Ludlow,  Bridgnorth,  Oswestry,  Chester,  Crewe.Alderley, 
Stockport,   Birkenhead,  Warrington,  Bury,  Manchester,  Liverpool, 
Burnley,  Clltberoe,  Bolton,  Blackburn,  Wigan,  Preston,  Koohdale, 
Lancaster,  Southport,  Blackpool,  &c.    Map.  Post  Svo.  lOs . 
  YORKSHIRE,  Doncaster,  Hull,  Selby,  Beverley, 

Scarborough,  Whitby,  Harrogate,  Ripon,  Leeds,  Wakefield,  Bradford, 
Halifax,  Hudder.sfleld,  SheflSeld.    Map  and  Plans.    Post  Svo.  V2s. 

  CATHEDRALS  of  York,  Ripon,  Durham,  Carlisle, 

Chester,  and  Manchester.  With  60  Illustrations.  2  Vols.  Crown  Svo. 
21s 

— '- — DURHAM  AND  NORTHUMBERLAND,  New- 
castle, Darlington,  Gateshead,  Bishop  Auckland,  Stockton,  Hartlepool, 
Sunderland,  Shields,  Berwick-on-Tweed,  Morpeth,  Tynemouth,  Cold- 
stream, Alnwick,  &c.    Map.    Post  Svo.  9s. 

WESTMORLAND    and    CUMBERLAND— Lan- 


caster, Furness  Abbey,  Ambleside,  Kendal,  Windermere,  Coniston, 
Keswick,  Grasmere,  Ulswater,  Carlisle,  Cockermouth,  Penrith,  Appleby. 
Map.    Post  Svo.  6s. 
*»•  Murray's  Map  op  the  Lake  District,  on  canvas.   3s.  6d. 

 —  ENGLAND  and  WALES.  Alphabetically  arranged 

and  condensed  into  one  volume.    Post  Svo.  [In  the  Press 

 SCOTLAND,  Edinburgh,  Melrose,  Kelso,  Glasgow, 

Dumfries,  Ayr,  Stirling,  Arran,  The  Clyde,  Oban,  Inverary,  Loch 
Lomond,  Loch  Katrine  and  Trossachs,  Caledonian  Canal,  Inverness, 
Perth,  Dundee,  Aberdeen,  Braemar,  Skye,  Caithness,  Ross,  Suther- 
land, &c.    Mans  and  Plans.    Post  Svo.  9.'. 

 !  IRELAND,   Dublin,    Belfast,  Donegal,  Galway, 

Wexford,  Cork,  Limerick,  Waterford,  Killarney,  Munster,  &c.  Maps. 
Post  Svo.  12s. 

IRBY  AND  MANGLES'  Travels  in  Egypt,  Nubia,  Syria,  and 

the  Holy  Land.   Post  Svo.  2s. 

JACOBSON'S  (Bishop)  Fragmentary  Illustrations  of  the  History 

of  the  Book  of  Common  Prayer;  from  Manuscript  Sources  (Bishop 

Sanderson  and  Bishop  Wren).   Svo.  5s. 
JAMES'  (Rev.  Thomas)  Fables  of  iEsop.  A  New  Translation,  with 

Historical  Preface.     With  100  Woodcuts  by  Thnnibl  and  Wolf. 

Post  Svo.   2s.  6d. 

JAMESON  (Mrs.).  Lives  of  the  Early  Italian  Painters— 
and  the  Progress  of  Painting  in  Italy— Cimabue  to  Bassano,  With 
50  Portraits'  Post  Svo.  12s. 

JERVIS  (Rev.  W.   H.).     Gallican   Church,   from   the  Con- 
cordat of  Bologna,  1516,  to  the  Revolution.   With  an  Introduction 
Portraits.  2  Vols.  Svo.  28s. 

JESSE'S  (Edward)  Gleanings  in  Natural  History.  Fcp.Svo.  3s.  6d 
JEX-BLAKE  (Rev.  T.  W.).    Life  in  Faith:  Sermons  Preached 
TATj-vra.  yJj^'l'enham  and  Rugby.  Fcap.  8vo.  3s.  6d. 
JOHNS  (Rev.  B.  G.)  Blind  People;  their  Works  and  Ways.  With 
Post  Svo.  °  Tsl'ec/''^^''  ^"""^  ^^"^   '^'^"'^^  Illustrations. 
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HOME   AND   COLONIAL  LIBRARY.   A  Series  of  Works 

adapted  for  all  circles  and  classes  of  Readers,  having  been  selected 
for  their  acknowledged  interest,  and  ability  of  the  Authors.  Post  8vo. 
Published  at  2s.  and  3s.  6d.  each,  and  arranged  under  two  distinctive 
heads  as  follows : — 

CLASS  A. 

HISTORY,  BIOGRAPHY,  AND   HISTORIC  TALES. 


1.  SIEGE  OP  GIBRALTAR.  By 

John  Deisk water.  2s. 

2.  THE  AMBER-WITCH.  By 

Lady  Dotf  Gordon.  2s. 

3.  CROMWELL  AND  BUNYAN. 

By  Robert  Southby.  2s. 

4.  LIFE  of  Sir  FRANCIS  DRAKE. 

By  John  Bakbow.  2s. 

5.  CAMPAIGNS  AT  WASHING- 

TON. By  Ret.  G.  R.  Gleig.  2s. 

6.  THE  FRENCH  IN  ALGIERS. 

By  Lady  Dotf  Gordon.  2s. 

7.  THE  FALL  OF  THE  JESUITS. 

2s. 

8.  LIVONIAN  TALES.  2*. 

9.  LIFE  OF  CONDfi.  By  Lord  Ma- 

HON.   3s.  6d. 
10.  SALE'S  BRIGADE.    By  Rev. 
G.R.  Gleig.  2s 


11.  THE    SIEGES    OP  VIENNA. 

By  Lord  Ellesmerb.  2s. 

12.  THE  WAYSIDE  CROSS.  By 

Capt.  Milman.  2s. 

13.  SKETCHES  OF  GERMAN  LIFE. 

By  Sir  A.  Gordon.  3s.  6d. 

14.  THE  BATTLE  OF  WATERLOO. 

By  Rev.  G.  R.  Gleig.  3s.  6d. 

15.  AUTOBIOGRAPHY  OF  STEP- 

FENS.  23. 

16.  THE    BRITISH   POETS.  By 

Thomas  Campbell.  3s.  6d. 

17.  HISTORICAL    ESSAYS.  By 

Lord  Mahon.  3s.  6d. 

18.  LIFE  OF  LORD  CLIVE.  By 

Rev.  G.  R.  Glbig.  3s.  6d. 

19.  NORTH  -  WESTERN  RAIL- 

WAY. By  Sir  F.  B.  Head.  2#. 

20.  LIFE  OF  MUNRO.   By  Rev.  G. 

R.  Gleig.  3s.  6d. 


CLASS  B. 
TRAVELS,  AND 
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